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An Abstract of a Dissertation Submitted to Nova Southeastern University in Partial
fulfillment of the Requirements for the Degree of Doctoral of Philosophy

The Impact of Enterprise Resource Planning Systems on Small and Medium Enterprises

By

Miguel A. Buleje

2013

Enterprise resource planning (ERP) systems are considered the price of entry in today’s
business environment, and the number of small and medium-sized enterprises (SME)
retiring legacy systems in favor of ERP systems is increasing exponentially.
However, there is a lack of knowledge and awareness of ERP systems and their potential
benefit and effect on performance, and overall value to SMEs. While ERP adoption costs
and potential benefits are high, it is not apparent whether the end result will translate into
higher productivity for SMEs.
The goal of this study is to evaluate the benefits that accrue to a firm on adoption of an
ERP system. In the context of SME, a production function approach is used to assess
benefits over short and long term. In addition to the production function approach, a
variety of related methods such as those based on stock market valuation and Tobin’s Q
are examined.
Data were collected using the well-known CRSP datasets for SMEs. Analysis of data
suggests that ERP implementation has no effect on firm’s performance as measured by
profit margins, Tobin’s Q ratio and Labor productivity. In fact, ERP investments do not
yield noticeable improvements on the performance measures even four years after
implementation. Weaknesses in data suggest that the conclusion may be seen as tentative.
The results of this research study, added value to the academic knowledge base by
helping to understand the effects ERPs have on SMEs overall performance.

4

Acknowledgements

I wish to express my deepest gratitude to my Dissertation Advisor, Dr. Easwar
Nyshadham for his patience, and outstanding guidance to complete my research project. I
also would like to extend such gratitude to the members of my Committee, Dr. Utako
Tanigawa, Dr. Joseph Gulla, and Dr. Amon Seagull as your support and direction
contributed greatly to the end result. I also would like to thank my family and friends to
support me, during the nights of non-sleep and some days of absence, to complete this
dissertation project. I am person of faith, and would like to thank God, for allowing me to
see a bright light, and there were some nights with little light in the room to complete this
project.

5

Table of Contents
Abstract
List of Tables
List of Figures

Chapters

Chapter 1

11

Introduction

11

Background

11

Problem Statement
Dissertation Goal

12
15

Research Questions

15

Relevance Significance 16
Barriers and Issues

17

Assumption, Limitations and Delimitations

18

Limitations and Delimitations (Impact on Generalizability)
Assumptions

19

Definitions and Terms
Summary
Chapter 2

20

22
23

Review of the Literature

23

Effects of IT and ERP on Business Value and Performance
Total Factor Productivity (TFP) Theory
TFP Theory - Literature Review
Efficient Market Theory

26

29

30

Efficient Market Theory - Literature Review
Strategy Theory

34

32

24

18

6
Strategy Theory – Literature Review
Summary

49

Chapter 3

53

Methodology

35

53

Introduction

53

Review of Research Model
Hypotheses

54

55

Research Methodology

57

Sample Characteristics

64

Resources

75

Hardware 75
Software 75
Data

75

Procedures

76

People 76
Summary
Chapter 4

76
78

Introduction

78

Illustration using Profit Margin ratio
Analysis using Tobin’s q (T) ratio

83

86

Analysis using Labor Productivity (LP) ratio
Summary of Findings
Chapter 5

88

90

93

Conclusions, Limitations, Implications, Recommendations, and Summary
Introduction

93

Conclusions: Results and Research Questions

93

93

7

Limitations

95

Implications and Recommendations: Future Research and Directions
Summary

99

Appendix A

105

Appendix B

117

Appendix C

134

Testing the Assumptions of Multivariate Analysis
References

142

134

97

8

List of Tables

Tables

1.

Summary for approaches reviewed in scope for this research effort 48

2.

Summary - Performance Measurement Ratios 64

2.1

Minimum

That Can Be Found Statistically Significant with a Power of .80

for Varying Number of Independent Variables and Sample Sizes 66
3.

Distribution for SMEs that Implemented ERP, by SIC Code 67

4.

Number of SMEs that implemented ERP by Year 69

5.

Number of SMEs that implemented ERP, by Vendor 69

6.

Descriptive Statistics 70

7.

Hypothesis and Data for Testing 81

8.

Descriptive Statistics for PM Performance Indicator ( N= 24*) 83

9.

Summary with Profit Margin as performance Indicator ( N= 24*) 84

10.

Summary – Financial Ratios: Definitions & Interpretation 85

11.

Descriptive Statistics for T Performance Indicator (N=24*) 87

12.

Summary with T as performance Indicator (N=24) 87

13.

Descriptive Statistics for LP Performance Indicator (N=26*) 89

14.

Summary with Labor Productivity as performance Indicator (N=26) 89

15.

Summary of Results 91

16.

Hypothesis Analysis & Conclusions 92

17.

Appendix A - Summary of the different approaches to measure the impact of
ERP systems 106

18.

Preliminary Sample Data 118

19a.

Bivariate - Pearson Correlations for Return on Asset (ROA) Year 0-4 136

19b.

Bivariate - Pearson Correlations for Return on Equity (ROE) Year 0-4 136

19c.

Bivariate - Pearson Correlations for Profit Margin (PM) Year 0-4 137

19d.

Bivariate - Pearson Correlations for Labor Productivity (LP) Year 0-4 137

19e.

Bivariate - Pearson Correlations for Asset Turnover (AT) Year 0-4 138

19f.

Bivariate - Pearson Correlations for Inventory Turnover (IT) Year 0-4 138

9

19g.

Bivariate- Pearson Correlations for ART Year 0-4 139

19h.

Bivariate - Pearson Correlations for Debt to Equity (DE) Year 0-4 140

19i.

Bivariate - Pearson Correlations for Tobin’s q (T) Year 0-4 140

10

List of Figures

Figures

1.

Diagram of proposed model 54

2.

Data Distribution for Data Sample 74

3.

Milestones and Deliverables Plan 75

11

Chapter 1
Introduction
Background
The deployment of ERP systems is common practice in today’s business
environment. Kumar and Hillegersber (2000) described the impact of ERP systems on
corporations, and confirmed that ERPs were becoming so common in today’s business
environment that they were described as “the price of entry for running a business” (p.
24). Kumar and Hillegersber highlighted the significance and importance of medium-size
corporations in the ERP marketplace, and confirmed that small and medium-size
corporations are beginning to embrace ERP technologies. The number of small and
medium-sized businesses retiring legacy systems in favor of ERP systems is increasing
exponentially. Esteves (2009) explained that in recent years SMEs are in a better position
to acquire and implement ERP systems, which in the past were only available to larger
corporations due to financial limitations as well as other factors. Today, SMEs have
many options for implementing ERP packages with the promise of becoming more
competitive, efficient and customer friendly (Esteves). Furthermore, businesses continue
to spend massive amounts of money in computers and related technologies, apparently
expecting a significant benefit and impact in performance; however, multiple studies
(Brynjolfsson and Hitt, 1996; Poston & Grabski, 2001; Nicolaou et al. 2004; Hitt et al.
2002; Hunton et al. 2003; Matolcsy et al. 2005; Esteves, 2009; Velcu, 2007; Elragal &
Al-Serafi, 2011) present contradictory results as to whether such expected benefits have
materialized.
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Problem Statement
While ERP software is increasingly being implemented in SME’s, many difficulties
are faced by researchers and managers in estimating potential benefits due to ERP
implementation. Such difficulties include conceptual difficulties in defining the construct
of benefits due to ERP, the long lead times for implementing ERP’s and then realizing
benefits. Furthermore, the platform nature of ERP which suggests that while base ERP
can provide an integration of internal systems, it may not provide benefits unless
customized and business specific add-on modules are implemented. Additionally, a
diversity of methods for measuring benefits of ERP all contribute to the difficulty of
measuring business benefits due to ERP investments.
For the purpose of this dissertation study, ERP would be defined as a large scale
system, which is cross-functionally integrated, packaged, allowing for interoperability,
capable to manage all enterprise’s data and deliver information based on such data, on
real time bases (Gefen and Ragowsky, 2005). ERP products in scope of this dissertation
study would include offerings by “SAP”, “Adage”, “BAAN”, “EPICOR”, “GEAC”,
Smartstream”, “Microsoft”, “Intentia International”, “JBA International”, “Lawson”,
“Oracle (JD Edwards, PeopleSoft)”, “QAD”, “ SSA”, and “SCT”.
Conceptual benefits in defining benefits in general IT context have been discussed
since the early research on productivity paradox in IT (Brynjolffson, 1993). Based on
prior work, Brynjolffson & Hitt (1996) suggest that while investments in IT have
increases dramatically among firms, statistical analyses did not suggest an improvement
in productivity – thus, the term productivity paradox. They distinguish between
productivity (measured as a ratio of outputs to inputs), profitability (measured using

13
Return on Assets - ROA, Return on Equity – ROE, and Total shareholder return) and
value (measured as consumer surplus). Their argument can be illustrated using two firms,
Firm A and Firm B, in a competitive industry. When a new technology (such as ERP)
comes into the market, assume that Firm A invests in IT and improves productivity (e.g.,
produces more output per labor units) and use productivity improvements to achieve
strategic benefits such as increased sales, lower costs and increased profitability. Since
the technology is generic, Firm B can also implement the new technology and achieve
similar productivity improvements. If the market is competitive, neither of the firms can
translate productivity improvements into increased profitability since competition forces
prices to readjust to new levels. The consumers, however, will benefit since they can now
obtain the goods at lower prices than before – thus consumer surplus (defined as what a
consumer was willing to pay versus what he actually pays) can increase. This example
suggests that, IT can lead to an increased productivity but no increase in profitability for
firms, while increasing consumer surplus. Depending on how value of IT is defined (as
productivity, profitability, consumer surplus), one would expect to find different
predictions. In later work, Brynjolffson & Hitt (1998) show that complementary
investments (e.g., changes to business process, organizational changes etc.) are crucial to
receiving IT benefits. In summary, literature arising out of productivity paradox suggests
that value from IT needs to be defined carefully and that, complementary investments are
necessary for achieving higher returns and cost-effectiveness due to IT.
Investments such as ERP are known to take considerable time to implement and,
depending on the scale and complexity of a business, might take from three to five years
(Davenport, 2000; Nicolaou et al. 2004). Many authors argue that benefits accrue from
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ERP after the long implementation period and suggest measuring benefits after three
years. A conceptual issue with the long run horizon is that firms simultaneously engage
in many strategic activities (e.g., develop new products, enter new market segments etc.)
apart from ERP investments, and thus assigning benefit improvements to ERP versus
other investments becomes difficult.
Another aspect of ERP investments is the “platform” nature of ERP. Probably, the
first activity undertaken when planning an ERP implementation is to bring all the data in
the enterprise into a form that ERP can handle. The benefits of creating such an enterprise
level “logical view” of data has numerous benefits going far beyond single applications.
For example, add-on modules such as sales, production planning etc. all benefit from
having a logical view of enterprise data. Thus, investments such as ERP are better seen as
enabling “options” in future rather than specific, functional systems with limited scope
and impact.
Finally, a diversity of methods, drawing from different theories, informed prior
work on assessing benefits due to ERP. A subset of methods is based on the notion of
efficient markets theory in finance and justifies the use of event studies and related
methods (such as Tobin’s Q) for judging the impact of ERP investments. Another set of
methods uses the neoclassical view of the firms in economics as the basis and abstracts
the firm as a production function; the total factor productivity (TFP) models are then
estimated on data. A third set of models simply uses financial ratios reported in annual
financial statements as proxies for various measures of productivity and profitability.
Finally, a large amount of prior research uses models developed in strategy literature as
the basis of abstraction for a firm (e.g., Porter’s value chain) – such models use a
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combination of survey data (e.g., manager’s attitudes regarding value) as well as financial
ratios. Overall, different conceptualizations of the firm and different methodologies seem
to be used in prior research.
Overall, the current literature uses different notions of value, ignores the long run
versus short run issues in measurement, and the fundamentally “platform” and optioncreating nature of ERP-type investments. Furthermore, current literature mixes and
matches several conceptualizations of firm and market in the study of ERP’s role in firm
value. This makes it extremely difficult to generalize the published findings across
published research on ERP benefits.
Dissertation Goal
The goal of this study is to propose a theoretically well-grounded method for
measuring the long term impact and benefits from ERP. An advantage of using a wellgrounded theory is that the limitations (boundary conditions) of the theory are known.
The theory and the method will be discussed and tested in the context of SME’s investing
in ERP.
Overall, the purpose of this dissertation revolves around the benefits of ERP on
Small and Medium Enterprises (SME). Since the focus is empirical, the study will use
concepts based primarily in the theory of production functions (TFP) to provide guidance
for data collection. This study will closely follow the study by Hitt et.al. (2002), as such
study performed similar research in the context of large firms.

Research Questions
Previous research indicate that ERP system have an important impact on
organizational performance; furthermore, the reviewed literature on the impact of ERP on
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performance has delivered contradictory results (Poston & Grabski, 2001; Nicolaou et al.
2004; Hitt et al. 2002; Hunton et al. 2003; Matolcsy et al. 2005; Esteves, 2009; Velcu,
2007; Elragal & Al-Serafi, 2011). Additionally, no study has been completed on the
impact of ERP on organizational performance using a sound research methodology for
SMEs; hence, this study will be the first to measure the long term impact of ERP for
SMEs.
The main research questions for this study will be:
1. What is the impact of ERP adoption on small and medium enterprises (SMEs)
business value and overall performance?
2. What method for estimating benefits ERP should be used?

3. What is the impact of module selection during ERP adoption on SMEs
performance?
Relevance Significance
ERP systems have an acute impact in organizations, and it is discussed as part of
the Literature Review for this study. Generally, ERPs are deployed to optimize
organizational effectiveness and the overall significance and main purpose of ERP
investments, is to improve control over key organizational and business processes.
However, multiple studies (Brynjolfsson and Hitt, 1996; Poston & Grabski, 2001;
Nicolaou et al. 2004; Hitt et al. 2002; Hunton et al. 2003; Matolcsy et al. 2005; Esteves,
2009; Velcu, 2007; Elragal & Al-Serafi, 2011) reveal contradictory results as to whether
such expected benefits have materialized. This study will be the first to measure the long
term impact of ERP for SMEs that adopted ERP. Applying a sound theoretical
methodology, this study will add value to the knowledge based by helping understand the

17

impact that ERP systems have on SMEs performance, and will improve the decision
making process for the acquisition of such systems.
Barriers and Issues
Esteves (2009) argued that in the recent years, SMEs are in a better position to
acquire and implement ERP systems, which in the past were only available to larger
corporations due to financial barriers as well as other limitations. Today, SMEs have
many options for implementing ERP packages with the promise of adding business value,
which in turn would translate into efficiencies and optimal operational performance. In
this scenario, several researchers attempted to better understand, and quantify, such
benefit and overall impact in performance. Such studies revealed the complexity of ERP
systems, and the implications to accurately quantify such impact for performance, with
contradictory results as to whether such expected benefits really exist (Brynjolfsson and
Hitt, 1996; Poston & Grabski, 2001; Nicolaou et al. 2004; Hitt et al. 2002; Hunton et al.
2003; Matolcsy et al. 2005; Esteves, 2009; Velcu, 2007; Elragal & Al-Serafi, 2011). To
address the issue described above, this study would leverage a sound research
methodology, and would be first one to measure the long term implications of ERP for
SMEs. Implications to measure and quantify the business value, and performance
optimization as a result of ERP deployments, make this proposal solution difficult to
implement. Hence, categorically, this problem, as described in the problems statement,
would be inherently difficult to solve.
The literature review, exposed issues for measuring the business value and
performance, from ERP implementations. Studies at the economy level yielded erroneous
results; on the other hand, recent studies at the firm level do exhibit a significant effect on
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productivity levels, productivity growth, and stock market valuations (Brynjolfsson &
Hitt, 2000). Other studies revealed a positive effect of information technology on
business value and performance, such studies include the ones by Hitt and Brynjolfsson
(1996), Kudyba and Diwan (2002), and Kohli and Devaraj (2004). Others exposed a
negative effect on business value and performance including the ones by Gelderman
(1998), Hu and Plant (2001), and Kivijarvi and Saarinen (1995). As ERP and information
technology expending increases exponentially at the firm level, there exist many issues
and challenges to estimate the value and overall effect on performance that have resulted
on contradictory results as indicated above.
Finally, the sample selection exercise will be completed by identifying firms that
publicly disclosed ERP adoption. Such information will be extracted from the LexisNexis Academic database, and it is anticipated that this exercise will be time consuming
and laborious, as one will need to examine every newswire and retrieve such information
for ERP adoption.
Assumption, Limitations and Delimitations
Limitations and Delimitations (Impact on Generalizability)
For sample selection, this study will utilize a random sampling procedure as indicated
Chapter 3 for methodology, which relied on small and medium public corporations
(SMEs) that had announced their ERP implementation. Limitations for such procedure
revolve around the definition for sample search criteria, which did not include SMEs that
had not announced any ERP implementation. Hence, sample for this study, although is a
random sample, could have an impact for biased results, in favor of such SMEs that had
publicly disclose their ERP implementation, which is a subset of all SMEs that had
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implemented an ERP offering. This limitation could impact for generalizability for the
study, since the sample search criteria did not include portion of the population.
Other limitations for this study included lack of data for ERP customizations; as
such data simply was not available using the data collection approach as indicated in
Chapter 3 for methodology. Furthermore, other variables that could have an impact on
the effect on SME performance from ERP implementation, were not taken in
consideration, since they were not available using the approach for data collection, as
indicated in the methodology chapter. Such variables included level of knowledge of the
ERP users, training, IT system support, quality and size of the ERP offering, vendor
quality support, and other variables linked to organizational change management were
not taken into consideration given the nature of the data collection approach, and would
need to be address in future studies.
Assumptions
This dissertation will measure the impact on performance for SMEs as a result of
ERP implementation, and will focus on measurements on multiple dependent variables,
including financial performance, productivity and the Tobin’s q principle for future
impacts in performance. Hence, the researcher assumed that the impact of ERP
implementation, which includes data management, organizational change management,
process optimization management, and business process reengineering, would inherently
impact all the dependable variables in scope for this study, as indicated above.
Furthermore, as indicated for limitations, some variables that could have an impact on
the effect on SME performance from ERP implementation were not taken in
consideration. Such variables included level of knowledge of the ERP users, training, IT
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system support, quality of the ERP offering, vendor quality support, and other variables
linked to organizational change management were not taken into consideration. Hence,
the researcher assumed that such variables not in scope, would not affect the
measurements for the dependable variables in scope for the study.
Definitions and Terms
Cost Effectiveness
The result obtained by striking a balance between the lifetime costs of developing,
maintaining, and operating an information system and the benefits derived from that
system (Whitten et. al, 2004).
Enterprise Resource Planning (ERP)
ERP is a software application that fully integrates information systems that span most
or all of the basic, core business functions, including transaction processing and
management information for those business functions (Whitten et. al, 2004).
Information System (IS)
An arrangement of people, data, processes, and information technology that interact
to collect, process, store and provide as output the information needed to support an
organization (Whitten et. al, 2004).
Information Technology (IT)
A contemporary term that describes the combination of computer technology
(hardware and software) with telecommunications technology, including data, image, and
voice networks (Whitten et. al, 2004).
Generalization / Generalizability
A technique wherein the attribute and behavior that are common to several types of
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object classes are grouped ( or abstracted) into their own class, called a super-type. The
attributes and methods of the super-type object class are then inherited by those object
classes / sub-types (Whitten et. al, 2004).
Business Processes
Tasks that respond to business events (e.g., and order). Business processes are the
work, procedures, and rules required to complete the business class tasks, independent of
any information technology used to automate or support them (Whitten et. al, 2004).
Small and Medium Enterprise (SME)
Indices in COMPUSTAT are assigned an Index Type code. Such code indicates the
general type of the index, and is reflected in the Index Type (INDEXTYPE) data item.
For this project, SMEs follow the Type Code for SMCAP, which lists Small-Cap Stocks,
compromised of public companies with a market cap usually value at less than $1 Billion.
Standard Industrial Classification (SIC) Code
SIC is a United States government system for classifying industries by a four digit.
SIC codes are published by the United States’ Office of Management and Budget in the
1987 edition of the Standard Industrial Classification Manual. For the purposes of this
study, each SME in scope would have a 4 digit SIC code assigned, that identifies the line
of business best representative of the company as a whole.
Implementation
In the IT Industry, implementation refers to post-sales process of guiding a client
from purchase to use of the software or hardware that was purchased. This includes
Requirements Analysis, Scope Analysis, Customizations, Systems Integrations, User
Policies, User Training and Delivery.
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Summary
Business value and the overall return on investment from ERPs and information
technology (IT), has been studied for many years (Hitt and Brynjolfsson, 1996);
moreover, the available literature on the impact of IT on firm performance and overall
business value is generous, to include several methodologies and levels of analysis (Hitt
et. al, 2002).
Several approaches have been utilized to measure the impact of ERP systems with
mixed results (Morris, 2011). Most of the literature about ERP benefits largely addresses
implementations of systems within large enterprises and primarily focus on ERP
financials (Poston & Grabski, 2001; Nicolaou et al. 2004), and economic benefits (Hitt et
al. 2002; Hunton et al. 2003; Matolcsy et al. 2005). Such studies utilized multiple theories
and methods for data collection and analysis including productions functions, stock
market valuation (Tobin’s q), and economic theories & traditional accounting models
including ROA, inventory turnover and others. Even though comprehensively studied,
such approaches have delivered contradictory results.
This study proposes a theoretically well-grounded method for estimating benefits,
and the overall impact on performance, from large scale, enterprise wide investments
such ERP, and will deliver statistical proof, not available for field or survey studies.
Additionally this study would be the first to propose a long term study within the scope of
SMEs, and the results would contribute to better understand the implications from ERP,
for performance of firms. Finally, the results would be available to assist decision making
for practitioners, making investments in the ERP arena, as the benefits and impact on
performance would be clearly articulated.
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Chapter 2
Review of the Literature
This section will review the effect of information technology on business value and
performance; next, specific ERP adoption literature and the impacts on organizational
performance will be reviewed. Finally, a summary table including all different
approaches to measure the impact of ERP systems on performance will be presented.
Existing studies of the impact of IT on business value in general and impact of ERP
in particular can be classified using the underlying theory used in the study. Based on an
extensive review (Appendix A), Table 1 identifies and summarizes specific theories used
in prior studies. Next, a detailed explanation of individual studies is provided in the text.
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Effects of IT and ERP on Business Value and Performance
The question of business value of information technology (IT) has been debated for
many years (Hitt and Brynjolfsson, 1996); furthermore, the literature on the effect of IT
on firm performance and overall business value is abundant, and includes various
methodologies and levels of analysis (Hitt et. al, 2002). However, such research at the
economy level had yielded erroneous results, but recent studies at the firm level do
exhibit a significant effect on productivity levels, productivity growth, and stock market
valuations (Brynjolfsson & Hitt, 2000). Some studies exhibit a positive effect of
information technology on business value and performance, such studies include the ones
by Hitt and Brynjolfsson (1996), Kudyba and Diwan (2002), and Kohli and Devaraj
(2004). Others exhibit a negative effect on business value and performance including the
ones by Gelderman (1998), Hu and Plant (2001), and Kivijarvi and Saarinen (1995).
While information technology is massively being implemented at the firm level, there
exist many challenges to estimate the value and overall effect on performance that have
resulted on contradictory results as indicated above. Hitt and Brynjolfsson indicated that
such challenges include the methodology utilized and lack of IT spending data.
Researchers have utilized different approaches to measure the impact of ERP systems
with mixed results (Morris, 2011). The core of previous research about ERP benefits
largely addresses implementations of systems within large corporations and primarily
covers ERP financial (Poston & Grabski, 2001; Nicolaou et al. 2004), and economic
benefits (Hitt et al. 2002; Hunton et al. 2003; Matolcsy et al. 2005). Such studies utilized
various theories and methods for data collection and analysis including productions
functions, stock market valuation (Tobin’s q), and economic theories & traditional
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accounting models including ROA, ROI, inventory turnover and others. Even though
extensively studied, such approaches have delivered contradictory results. Others have
utilized stock market and financial analyst reactions before and after ERP implementation
announcements, known as the event study methodology (Morris, 2011; Hayes, 2001).
Still others have used survey data or field studies to assess operational and intangible
gains, including user satisfaction (Esteves, 2009; Velcu, 2007; Elragal & Al-Serafi,
2011). Unfortunately, much of this research was executed without a strong underlying
theory. Such limitation for lack of a strong theoretical base undermined the results, and
highlighted the need to utilize a strong theoretical development and a rigorous research
design (Grabski et al. 2011). This study proposes a theoretically well-grounded method
for estimating benefits from large scale, enterprise wide investments such ERP, and will
provide statistical evidence, not available for field or survey studies.
Overall, different conceptualizations of the firm and different theories seem to be
used in prior research for estimating the benefits of ERP, and four broad categories for
theories were identified and documented in Table 1. Such table summarizes all
approaches reviewed in scope for this research effort, and Appendix A summarizes
different studies to measure the impact of ERP systems reviewed as part of this literature
review. Next, the existent studies on the effects of IT and ERP on business value and
performance are reviewed based on such theory categorization for production function,
efficient market, perfect market and strategy theories as indicated in Table 1.
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Total Factor Productivity (TFP) Theory
The production function is one of the key concepts of neoclassical theory, and such
theory assumes firms have a production process defined by a function, and such function
relates outputs to the capital and labor input variables (Baghli et al. 2006; Chaudhry,
2009). In other words, production involves transformation of inputs into output, and the
relationship between inputs and such outputs, which would deliver maximum
productivity, is called production function. Furthermore, such function would depict
technology as a continuous production function, and specifically relate outputs of capital
- labor input variables and technical progress. Researchers thus estimate firm-level
production functions to address the question of whether computer information systems
contribute to productivity growth. (Brynjolfsson, 1993; Brynolfsson & Hitt, 1996, 1998).
Researchers have proposed a methodology based the concept of production function
to assess the impact of IT for business productivity; such method is the “total productivity
factor” or TFP (Brynjolfsson & Hitt, 1996). Total factor productivity can be estimated
utilizing growth accounting equations, and such represent the rate of technical progress
not represented in the variables of production (Del Giudice & Straub, 2011). Del Giudice
& Straub indicated that such method for TFP would represent multiple variables,
including “innovation of production processes, improvements in labor, organizations, or
managerial techniques, economies of scale, and improvements in the qualitative level of
capital or the experience and education of the labor force”. Brynjolfsson & Hitt explained
that TFP takes the general form of the labor productivity function, and expands such
equation on the denominator from labor hours to include all costs of business including
technology (IT), capital equipment, materials, energy, and services. Del Giudice & Straub
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indicated that variants of total productivity factor are calculated residually; hence, they
also depict such variations in non-observable factors, and inaccuracy in measurements.
Chaudhry (2009) noted that in the production function, output variations that are not
explained by the capital and labor inputs; they are explained by TFP or factors such as
technological and institutional changes. Such models account for effects in output caused
by the known inputs; consequently, if all inputs are defined in the production function,
TFP can be a measure of long-term technological transformation or technological
dynamism. On the other hand if all inputs are not defined as part of the production
function, then TFP may also reflect effect on omitted inputs. This would not be a direct
measure, but a residual measure, and accounts for total effect in output not generated by
the known inputs, and it is often call the Solow residual model (Solow, 1956 & 1957;
Cahn & Saint-Guihem, 2009). Solow introduced the concept of neutral technological
change, to separate the variance impact from physical and human capital from TFP
variations, and suggested utilizing the Cobb-Douglas as the function form for the
production function. If IT benefits are associated to a) IT implementations/ deployment
and investments (IT- specific productivity), and b) other organizational changes (residual
productivity), one could utilize TFP methodologies to derive IT benefits as a sum of IT
specific productivity + residual productivity.
Although the Cobb-Douglas production function is not the only available method
for productivity analysis, but it is the most comprehensive in the context of calculating
elasticities and marginal products of inputs (Hitt & Brynjolfsson, 1996). The underlying
theoretical model for the Cobb-Douglas equation is the neoclassical theory of production,
which allows describing technology as continuous and differentiable production function
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which associates output, factors of production, and technology progress (Del Giudice &
Straub, 2011). Such Cobb-Douglas equation links the outputs, to the production inputs
including labor input, non-IT capital, and IT capital as follows:
(1)
Where
equation,

represents the output and value added at time t; on the other side of the
represents labor input,

the IT capital. Lastly,

represents the input of non-IT capital, and

is

represent the variations of the production function as a result of

technical progress that is the total factor productivity or TFP, which in turn represents the
captured residual changes not depicted by the other variables. Applying logarithms and
taking differences, (e.g.,

, one could write:

The interest for an empirical researcher is around

, which represents returns to

IT capital and
factors included in the above equation. This residual term, can be written as:

It is well known that complementary investments in organizational processes need
to be made for benefitting from IT investments. For example, Del Giudice and Straub
(2011) suggest that “…competitive advantages are realized only if complemented with
other factors including corporate governance”. The residual term

, thus captures

indirect benefits of IT, though it could also capture benefits of non-IT factors.
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TFP Theory - Literature Review
Turning to empirical work, the next section, provide a review of the studies in
scope, as they are related to the TFP theory discussed in detailed above.
Kudyba and Diwan (2002) examine firm-level investment in IT and related
productivity, and estimate a production function for firms. They use financial data as
proxies for input and output quantities – such an approach is justified if a perfectly
competitive is assumed. Sample in scope for this study included firms that self-reported
IT investments on the Information Week’s 500 survey, and utilized corporate disclosed
reports with the Securities Exchange Commission (SEC) to obtain production data as
needed for analysis which included IT investment, IT labor, labor, capital, IT capital as
inputs; sales & value-added were used as production function outputs. They find that IT
investments increase productivity - specifically gross revenue or value added increases
over the period for this study. Kudyba and Diwan do not examine TFP residual.
Hitt (2002) conducted a longitudinal study to address who adopts ERP and whether
the benefits or ERP adoption surpass the costs and risks, and utilized three basic
specifications for the analysis of the performance impact from ERP implementation as
follows: productivity ( production function), stock market valuation (Tobin’s q), and
performance ratios. Hitt et al. studied the extent to which ERP adopting firms realized a
set of theoretically expected benefits including the following hypotheses: H1) “firms that
adopt ERP systems will show greater performance as measured by performance ratio
analysis, productivity, and stock market valuation”(p 81); H2a)“there is a drop in
performance during ERP implementation as measured using performance ratios and
productivity regressions”; H2b) “there is a continued drop in performance shortly after
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ERP implementation as measured using performance ratios and productivity
regressions”(p. 82); H3a) “there is an increase in stock market valuation at the initiation
of an ERP implementation”; H3b) “there is an increase in stock market valuation of a
firm at the completion of ERP implementation” (p 82); H4a) “the benefits of ERP are
increasing in the degree of implementation (level)”; H4b) “at some level of
implementation the benefits of increased module integration decline” (p. 84). To select
the sample firms for this study, Hitt utilized the records of all license agreements for the
SAP R/3 sold by SAP America from 1986 to 1998, and utilized the Poor’s
COMPUSTAT database to calculate multiple measures and evaluate productivity, stock
market valuation (Tobin’s q), and the firms performance based on financial ratios
analysis. They find that ERP adopters have a higher performance for most measures
when compared to non-adopters. Additionally, results show that most benefits are
realized during implementation phase, although there is some indication of a decrease in
business performance and productivity soon after completing the implementation
exercise. On the other hand, the financial market always rewards the adopters with higher
market appraisal both during and after the ERP implementation excise (Hitt, 2002). Hitt
et.al, do not examine TFP residual and implicitly use more than one theory in specifying
the models.
Efficient Market Theory
The efficient market is a key concept of finance theory and was first introduced by
Fama (1970). Fama argued the assumption that in an efficient market prices “fully
reflect” (p 384) available information, and questioned the testability for such model.
Fama suggested defining the price formation in detail to resolve such testability issues.
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One possibility presented by Fama would be to assume that the condition of market
equilibrium can be stated in terms of expected return. A general model would be to
assume the equilibrium expected return on a security as a function of its risk, and
different theories would primarily differ by the definition of such risk. Fama defined such
approach as the expected return or “fair game” model (p 348). Another possibility
presented by Fama is the sub martingale model, with imperative empirical repercussions
for prices. Such model assume that the security price follows a sub martingale with
respect to the information sequence (expected value of next period’s price), and is equal
to or greater than the current price. Fama indicated that during the early characterization
of the efficient market model, that such affirmation that current price of a security “fully
reflects” available information” (p 386) was assumed to suggest that consecutive price
changes are independent. Furthermore, it was assumed that consecutive changes are
disseminated equally. Fama condensed the two assumptions above to define the “random
walk model” (p 386). To conclude the discussion about fundamental models, Fama
indicated that market conditions would have an effect on price adjustments.
Fama projected three types of efficiency around what information is factored into
price as follows: strong form, semi-strong form, and weak efficiency. For weak
efficiency, Fama explained the available information focused on historical prices, which
are forecasted from historical prince trends; therefore, it would impossible to profit from
such markets. For semi-strong efficiency, Fama indicated that all public information
available would be reflected in the price, to include corporation’s voluntary
announcements, and annual earning disclosures. Finally, for strong form efficiency, all
public and private information would be reflected in the price. Furthermore, Fama
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excluded monopolistic information to entail profits; hence, inside trading would not profit
in the strong-form efficiency market. Another fundamental concept introduced by Fama
revolves around the model of market equilibrium, and demonstrated that the notion of
market efficiency would not be rejected without an accompanying rejection of such
model of market equilibrium, which is the price setting mechanism.
The event study methodology, which is based on the ideas discussed in the above
paragraph, has been used in IT research to evaluate the impact of introduction of IT on
corporate performance (Dos Santos et al. 1983; Hayes et al. 2000). The event study
methodology assumes that the stock price of a firm would change to incorporate the
future benefits such IT investment would bring to the firm. The event study methodology
is affected by the estimation period and the event window selected; hence, studying the
stock price of firms before and after IT investment can provide a measurement of IT
benefits.
Efficient Market Theory - Literature Review
Hayes et al. (2001) conducted a study to examine the reaction of the capital market
when firms announced ERP system adoption. This was the first study in the context of
ERP investments, to examine the degree to which ERP are estimated to add market value
to business organization. Hayes selected a sample from corporations that announced ERP
implementation via the Lexis-Nexis Academic Universe’s (News) Wire Reports, and
included corporations that implemented ERP from January 1, 1990 to December 31,
1998. The initial search yielded a total of 2,515 corporation that implemented ERP, and
the sample was reduce to exclude duplicates, non-ERP announcements, lack of CUSIP
numbers, and other announcements ( mergers, acquisitions, lawsuits, dividends, etc.) that
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could have an impact on stock and market reaction. Additionally, lack of data from the
Center for Research in Securities Prices (CRSP) / COMPUSTAT Database also
influenced the sample reduction exercise, leaving a final sample of 91 ERP
implementation announcements. They conclude that the stock market shows a positive
reaction to initial ERP announcement. The methodology does not distinguish between
short run and long run benefits.
Perfect market is a key concept of finance theory, and such theory assumes that
financial markets are informationally efficient; hence, one cannot attain returns in surplus
of the average market returns on a risk adjusted bases, given the information is available
at the time of the investment. A very popular model used to study investments in general
was introduced by Tobin (1969), and subsequently implemented by several studies
(Geleotti, 1998). Tobin’s q is defined as the ratio of the market value of the firm and the
replacement value of the firm’s assets (book value). Schaller (1990) indicated that
Tobin’s q theory has various theoretical advantages over competing models of investment
as follows 1) this model “allows output to be endogenously determinate and variable”, 2)
the model is always looking at the future, and is “not focused on past variables”, 3)
allows for various “analysis of the effects of temporary versus permanent changes in tax
parameters”, and 4) avoids the Lucas critique, which argues that it is naive to try to
predict the effects of a change in economic policy entirely on the basis of relationships
observed in historical data, since the anticipated adjustment for “cost parameters should
not depend on policy rules” (p 309).
Hitt (2002) conducted a study to address who adopts ERP and whether the benefits
or ERP adoption surpass the costs and risks, and leveraged the stock market data
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specifications for the analysis of the performance impact from ERP implementation. Hitt
related the market value of the firm, to the assets that it uses, or replacement value of the
firm’s assets in the denominator (Tobin’s q). As a result such analysis of Tobin’s q,
provided enhanced statistical strength when compared to other approaches including the
production function. Hitt et al. studied the extent to which ERP adopting firms realized a
set of theoretically expected benefits including the following hypotheses: “there is an
increase in stock market valuation at the initiation of an ERP implementation”, and “there
is an increase in stock market valuation of a firm at the completion of ERP
implementation” (p 82). Hitt utilized the records of all license agreements for the SAP
R/3 sold by SAP America from 1986 to 1998, and utilized the Poor’s COMPUSTAT
database to calculate measures for stock market valuation (Tobin’s q). The findings of the
study by Hitt exhibit that ERP adopters are higher in performance for most measures
when compare to non-adopter; additionally, the results reveal that financial markets
always rewards the adopters with higher market appraisal both during and after the ERP
implementation excise.
Strategy Theory
Strategy theory represents a key concept of business strategy drawn from the areas
of industrial organization and organizational behavior areas. Conditions leading to a
sustainable competitive advantage are studied. Concepts and measurement methods from
several areas (e.g., finance) are used to speculate about value of IT. Overall, such studies
simply assume a strategy model, and data collected using exploratory surveys,
questionnaires, or financial ratios are analyzed. Typically, studies do not explicitly
discuss optimization at the margin (as in production functions) or market equilibrium
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(e.g., efficient market theory), even though such may be implicitly assumed.
Strategy Theory – Literature Review
Kohli and Devaraj (2004) studied the impact on performance of widely institutional
utilization of decision support systems (DSS). Kohli and Devaraj conducted a
longitudinal study, and utilize field data from multiple healthcare organizations in scope
as sample. Data for this study was gathered over a three-year period, and included
financial data as well as usage data that were gathered by a utility program. Kohli and
Devaraj use such longitudinal data to determine the impact of information technology
(DSS) on organizational performance. Kohli and Devaraj utilized least square regression
as basis for analysis, and the results exhibit that DSS utilization improved organizational
performance, confirmed the lag effects in measuring information technology impacts and
reinforced longitudinal analysis to overcome such lag effect.
Gelderman (1998) conducted an empirical study to understand the impact of
information systems on performance; specifically, investigated the validity of two
measures of success for management support systems (MSS) as follows, usage and user
information satisfactions (UIS). Gelderman deliver questionnaires to Dutch IT managers
in scope for this study, and analyzed the results to assess the mutual relation between
both measures of performance. On the other hand, self-reports of performance were
utilized for research design; hence, the connection between both measures of
performance (usage and user information satisfactions) may have been overstated and the
results could be erroneous. The results of the study by Gelderman exhibit that IT
adoption has a small and not significant effect on organizational performance.
Hu and Plant (2001) empirically studied the impact of IT investment on firm
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productivity and performance, specifically utilized a well-accepted causal modeling
technique based on firm level financial data. Sample in scope for this study included
firms that self-reported IT investments on the Information Week’s 500 survey, which
includes a list of the largest consumers of information technologies in the United States
from multiple industries. Hu and Plant use the Granger causality model for this study to
investigate the causal relationships among IT investment and firm performance. The
findings exhibit that firms with high levels of IT infrastructure and human-IT resources
have a positive relationship with IT-enabled intangibles (but not with firm performance),
and a positive relation between IT-enabled intangibles and performance. Hu and Plant
also examine the correlation between IT investment and corporate IT capabilities, and the
results exhibit that IT investments can make a positive impact to IT infrastructure. On the
other hand, multiple measures of IT investment did not show a positive correlation with
human – IT resources, and IT- enabled intangibles. Overall, the study by Hu and Plant
did not find a direct correlation between IT investment and firm performance;
additionally, there were some limitations for sample data, and the study did not take into
account the effect of industry type, and IT maturity variables, and the effect of such
variables for performance and productivity.
Kivijarvi and Saarinen studied the relationship between IS investments and
financial performance. Sample in scope for this study included 36 Finnish firms with a
focus on sales and manufacturing industry sectors. The sample selection source included
the Talouselama magazine, which includes financial data for the largest Finnish firms,
and the remaining data was obtain via a direct questionnaire (questionnaire sent to CIOs
and business unit heads) to the firms in scope for this study. Kivijarvi and Saarinen
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utilized various ratios as measures of performance, including financial performance
ratios; additionally, utilized financial strategies, satisfaction and organizational processes
variables. The finding of the study by Kivijarvi and Saarinen exhibit that investment in
information systems is not correlated to improvements in financial performance of the
firm in the short term. On the other hand, investments in information systems are
correlated with the maturity of such systems, which was found correlated to improved
performance. Overall, the findings show that investments in information systems only
have a positive effect on performance in the long run, as extended learning and
development are necessary to realize the full benefits of information systems.
Estevez (2009) conducted a strategy and survey study to develop a benefit
realization road-map from ERP usage in the context of small and medium enterprises
(SMEs). Estevez assumed an ERP benefit model as the theoretical foundation for this
study, the one by Shang and Seddon (2000), and classified benefits into five categories as
follows: 1) operational, 2) managerial, 3) strategic, 4) IT infrastructure, and 5)
organizational. Additionally, Estevez utilized the concept of ERP usage stages by
Deloitee (1999), and defined the phases that occur post-implementation as follows: 1)
stabilize phase, during this phase companies get adapted to ERP and master the changes,
2) synthesize phase, characterized by improved business processes, and 3) synergise
phase, characterized by process optimization and business transformation. Estevez
delivered an exploratory survey for data collection to a sample of MBA students, after a
random selection 28 were selected from the total pool of 220 MBA students. The second
phase of data collection consisted of a confirmatory survey to 168 managers, including
CIO / IT directors and CFO roles of Spanish SMEs that had adopted ERP, with a final

38

sample of 87 participants. For the evaluation exercise, all survey results were added to
define an average ERP benefit realization percentage for each of the categories for
benefits. The findings reveal that ERP benefit realization requires a long term vision, and
that ERP benefits dimensions are interrelated. Furthermore, managers would need to
exercise ERP benefits realization as a cycle along the ERP post-implementation. Results
are limited by the methodology utilized, it does not have a sound theoretical foundation;
hence, the study by Estevez offers a systematic analysis of the ERP effects in
organizations, but it limits the interpretation of the interview data. Additionally, Estevez
fails to distinguish variables that may persuade the realization of benefits, such as
company size, ERP system implemented / modules implemented, and organizational
context.
Velcu (2007) conducted a strategy and survey study to better understand the IT pay
offs and benefits, and when and why such pay offs materialized. Velcu utilized the
strategy and survey method as an “inside the black-box” approach to analyze ERP
benefits (p 1316). Velcu explained the business processes altered as a result of ERP
adoption, motivations, and overall impact to organizational performance. Velcu assumed
ERP implementation strategy theories (Mabert et al., 2000; Chand et al., 2005; BottaGenoulaz and Millet, 2006), and classified ERP implementation theory by motivation as
“technical” and “business driven” implementations (P 1318). Velcu studied the extent to
which ERP adopting firms realized a set of Theoretically expected benefits associated
with implementation theory motivation as follows: 1) “Technically led implementations
will result in a better design system that provides better fit with the organizational
process”. 2) “Business led implementations will be more focused and lead to better
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financial performance in short time” (p 1318). Velcu executed exploratory interviews for
data collection to a sample mid-sized Finnish companies that had adopted ERP, to a total
of 14 semi-structured interviews, and utilized the ERP scorecard framework to assess
ERP benefits, and the overall impact of ERP on organizational performance. The selected
sample of companies varied in size and the ERP implementation phase. The findings of
the study by Velcu affirmed that companies with technologically-led incentive incur
“improved service time in accounting tasks” as an internal efficiency benefit, “faster
response to business change” as customer benefits, and financial benefits in terms of
other improved efficiencies. On the other hand, companies with business-led incentive
incur “economies of scale” as an internal efficiency benefit, and financial benefits in
terms of “lower headcount costs” and “lower selling, general and administrative costs.”
Both groups of companies report business process changes in terms of “reassignment of
financial management of business cases” (p 1316). Results of the study by Velcu are
limited by the methodology utilized, it does not have a strong theoretical foundation;
hence, the study offers a systematic analysis of ERP benefits in organizations, but it
limits the interpretation of the interview data. Sample size, also represents a limitation for
the study by Velcu, as it included a very small sample size of 14 SMEs, which means that
the results are not directly generalizable.
Ahmed and Al-Serafi (2011) conducted a strategy and survey study to understand
the relationship between ERP and business performance. Ahmed and Al-Serafi assumed a
conceptual theoretical framework based on the IT Productivity Paradox theory. Elragal
and Al-Serafi highlighted productivity as one of the most important business performance
gain indicators, and addressed the increased in productivity by ERP implementing
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software. Ahmed and Al-Serafi described the productivity paradox theory a
“phenomenon of vanishing returns on IT investments” (p 4), and noted previous literature
that shows that IT investment has not demonstrated a positive effect on performance.
Elragal and Al-Serafi conducted a qualitative study, and delivered a questionnaire as part
of a case study to collect data from an Egyptian SME branch of a multinational company.
The findings exhibit a general trend for achieved business performance benefits as a
result of ERP adoption, but also revealed a few benefits that were linked to ERP were not
achieved.
Poston & Grabski (2001) studied the extent to which ERP adopting firms realized a
set of theoretically expected benefits on firm performance over time. For this exercise,
Poston & Grabski performed a cross-sectional study that examine the effect of ERP on
firm performance for three years after ERP adoption, and contrasted the results to one
year before the implementation. Poston & Grabski derived a set of hypotheses from such
theoretical expected benefits as follows: 1) SG&A / Revenue (POST) < SG&A / Revenue
(PRE); where SG&A refers to selling, general and administrative cost, and PRE and
POST refer to cost before and after ERP implementation, 2 ) COGS / Revenue (POST) <
COGS / Revenue ( PRE); where COGS refers to cost of goods sold, and PRE and POST
refer to costs before and after ERP implementation, 3) RI (POST) > RI (PRE); where RI
refers to residual income, and PRE and POST refer to costs before and after ERP, and 4)
#of Employees / Revenue (POST) < #of Employees / Revenue (PRE); where PRE and
POST refer to costs before and after ERP. The sample of firms for the study included 54
ERP adopters and 54 non adopters, and their performance was compare as basis for this
study. Four sample firms were removed, since they experienced significant changes, not
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related to ERP adoption, during the time period of this investigation that could have
impacted performance ratios. The sample for the study was limited to firms that adopted
ERP between 1980 to December 1997, and implemented SAP (54% of total sample),
PeopleSoft (4% of total sample), Oracle (40% of total sample), and BAAN (2% of total
sample). Additionally, cost and revenue information was also a sample reduction criteria,
such information was retrieve from the COMPUSTAT database. The main industries
represented by the sample by Poston & Grabski included motor and accessories (SIC =
37) with a total of 10 firms, electronics (SIC = 36) with a total of 7 firm, and chemical
and allied produces (SIC = 36) with a total of 6 firm. Other sample firms were distributed
across a mixture of industries for a final total of 50 firms in the sample. The study results
indicate that ERP adoption does not decrease significantly SG&A divided by revenues 1,
2 or 3 year after ERP deployment, over the year prior to deployment; hence, Hypothesis 1
is not supported. ERP adoption was not related with significant decrease in COGS
divided by revenues 1, and 2 years after adoption, over the year prior to adoption;
however, ERP adoption was related to a significant decrease in COGS divided by
revenue for 3 years after adoption. Hence, a hypothesis 2 is partially supported.
Furthermore, ERP adoption was not associated with increase in RI 1, 2, or 3 year post
adoption; hence, hypotheses 3 is not supported.

Finally, results indicate that ERP

adoption is associated with a decrease in the number of employees needed to support a
given level of revenue for 1, 2 and 3 year after adoption. Hence, hypothesis 4 is
supported and shows an improvement in performance in reference to labor force. Poston
and Grabski noted that a the three year longitudinal study conducted has limitations, and
may not be sufficient to articulate the impact of ERP on firm performance, and suggested
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a new study of 4-5 years in duration to successfully address the impact of ERP on firm
performance.
Nicolaou et al. (2004) studied the long term operational performance of firms that
adopted ERP systems, and evaluated the financial performance of public firms one year
prior to ERP implementation, and four years after the implementation. Nicolaou adopted
an economic theoretical foundation for this study, and utilized a various financial ratios to
calculate the firm’s performance; measures included return of assets, return on
investments, operating income on assets (OIA), return on sales (ROS), operating income
over sales (OIS), cost of goods sold over sales (COGS), selling, general, and
administrative expenses over sales (SGAS), number of employees over sales (ES), Cost
of Goods Sold divided by Sales (CGSS). A two phase approach identified the sample of
firms for this study that implemented ERP from 1991 to December 31, 1998; first ERP
adopting firms were identified using the Lexis-Nexis Academic Universe (News) Wire
Service Reports. Next, the Global Disclosure database was utilized to confirm ERP
adopters as indicated in the annual reports and SEC filings. ERP vendors in scope for the
search included the following Adage, Epicor, GEAC, Smartstream, Great Plains,
Hyperion, Intentia International, JBA International, JD Edwards, Lawson, Oracle
Financials, PeopleSoft, QAD, SAP, SSA and SCT. The sample search for the study
yielded 247 ERP adopters and 247 non adopters, and their performance was compare as
basis for this study, and financial data for the sample firms was available via the
COMPUSTAT database. Nicolaou studied the extent to which ERP adopting firms
realized a set of Theoretically expected benefits, or hypotheses, as follows: 1) Differential
Performance in ERP Systems: “A firm differential performance after the adoption and
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use of an ERP system will be significantly higher than its differential performance prior
to the adoption of the ERP System” (p 81); 2) Implementation Management and Effect
on Relative Financial Performance: a) “A firm’s differential performance during the ERP
post-implementation period, relative to its differential performance prior to ERP
adoption, will be significantly affected by the choice of the ERP vendor”, b) “A firms
differential performance during the ERP post- implementation period, relative to its
differential performance prior to ERP adoption, will be significantly affected by the
scope of the ERP implementation effort”, c) “A firm’s differential performance during
the ERP post-implementation period, relative to its differential performance prior to ERP
adoption, will be significantly affected by the ERP, d) “A firm’s differential performance
during the ERP post-implementation period, relative to its differential performance prior
to ERP adoption, will be significantly affected by the length of time expended on the
initial implementation effort, that is, the time lag between the initial adoption decision
and the completion of the implementation effort” (p 82-84). The results indicate that the
performance measure of ROA was higher for firm that implemented ERP, when compare
to ones that did not implemented ERP, four years after system adoption. Additionally, the
ROA, OIA, ROI and ROS differential performance was lower for ERP adopting firms
during the year of adoption, and one year after implementation; however, ROS
performance of ERP adopter improved between year 2 and 4. ROI exhibit an increase in
performance for ERP adopters after the second year of implementation; similarly, OIS
exhibit improved performance 3-4 years after ERP adoption. COGS exhibit lower
performance for ERP adopters 4 years after implementation, but no difference was
documented throughout other time periods. Hence, Hypothesis 1 is partially supported by
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the results of this study. For the vendor choice implementation factor, the interaction
coefficient was significant for ∆ROA, ∆OIA, and ∆CGSS, and results show that the
choice of two larger vendors, SAP and ORACLE, moderated the effect of ERP
implementation and improved performance. However, when performance was measure
by selling, general, and administrative expenses as a percent of sales (SGAS), ERP
adopters performed lower than non-adopting firms. The findings exhibit that firms that
motivated ERP adoption based on business led objectives, performed lower that firms
that adopted ERP based on system led objectives. For the type of module implemented
factor, ERP adopters show higher performance as measured by return on assets,
differential profitability, and differential CGS over sales. On the other hand, non ERP
adopter show higher performance for the SGA expenses over sales, and employee
utilization efficiency measures. Finally, for the length of implementation factor, firms
that spent 2 years to deploy ERP performed better to the ones that spent 4 years to deploy
when measured by ROI. Furthermore, firms that spent 3 years to deploy ERP performed
better to the ones that spent 2 years to implement when measure in terms of CGS
expenses over sales. Overall, length of implementation did not affect significantly
performance measures as the other implementation variables for the study by Nicolaou.
Hunton et. al (2003) conducted a longitudinal study to determine the impact of ERP
adoption for firms on performance. For this exercise Hunton selected 63 ERP adopters
and peer firms that had not implemented ERP, and compared their financial performance.
The sample included 63 ERP adopters and 63 non adopters, with implementation
announcements prior to 1997 with at least 3 years of financial data available from
COMPUSTAT. Hunton studied the extent to which ERP adopting firms realized a set of
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theoretically expected benefits, or hypotheses, as follows:1) “Longitudinal financial
performance of firms that have not adopted ERP systems will be significantly lower than
ERP-adopting firms”, 2a) “For relatively large ERP-adopting firms, there will be a
significant negative association between firm health and performance”. 2b) for relatively
small ERP adopting firms, there will be a significant positive association between
financial health and performance” (p 169-171). For Hypotheses 1, the findings exhibit no
major disparity between pre and post-performance for ERP adopting firms; however, non
ERP adopters exhibit an important decline in Return on Assets (ROA), Return of
Investment (ROI) and asset turn over (ATO) after three years. Hence, the findings
indicate that as a result of ERP implementation performance was relatively unchanged,
but for non-adopters, performance decline significantly. In reference to Hypotheses 2, the
findings show a positive connection between performance and pre-ratio (control
variable), firm size, and financial health; specifically for ROA, ROI and return on sales
(ROS). Moreover, the study exhibits that large / unhealthy firms are more likely to see
improvements in performance when compare to large / healthy counterparts. On the other
hand, small / healthy firms are more likely to show improvements in performance when
compare to small / unhealthy firms. Overall, the study by Hunton demonstrated that ERP
adoption improved performance form firms, when compared to non-adopters.
Matolcsy et al. (2005) studied the economic benefit of ERP systems, and utilized a
modified value chain approach as the conceptual theoretical framework. Matolcsy et al.
utilized financial ratios for each component of the value chain to reflect the impact of
ERP adoption. Such financial ratios were tracked for 2 years for a sample of companies,
and compared to a group of non-ERP adopters. Matolcsy et al. studied the extent to
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which ERP adopting firms realized a set of theoretically expected benefits as follows: 1)
ERP are expected to add value right across all elements of value chain, 2) ERP are
expected to minimize raw material (and services) price and consumption, 3) ERP
adopters are expected to reduce accounts payables and account payable days (APD), 4)
ERP adopters are expected to yield higher fixed asset turnover (FAT) ratios than nonadopters, and 5) ERP adopters would exhibit improvements for profitability and liquidity
measured by net profit margin (NPM). The sample for the study by Matolcsy et al. was
identified by Booth et al (2000), and included 20 companies that implemented SAP in
Australia and New Zealand, and 9 companies were added to the original list from Booth
et at. Findings reveal that ERP implementation leads to sustain operational efficiencies
and improved overall liquidity. Additionally, findings exhibit increased profitability 2
years after ERP implementation, and improvements in accounts receivable management.
Limitation from the study by Matolcsy et al. included the lack of long term longitudinal
study. Short term (2 years only) is deficient to capture the effects of ERP on firm’s
performance. Furthermore, the sample size only included firms that adopted SAP
(Australia and New Zealand) ERP offering, but not other ERP vendors.
Elragal and Al-Serafi (2001) studied the relationship between ERP and business
performance, and utilized qualitative methods (examination and contrast) to analyze
questionnaire responses of the financial, operational and logistics managers of the
ChemCo Egypt Corporation. Elragal and Al-Serafi applied a conceptual theoretical
framework based on the productivity paradox theory, and highlighted productivity as one
of the most important business performance gain indicators. Furthermore, Elragal and AlSerafi addressed the increased in productivity by implementing software (ERP) utilizing
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the productivity paradox theory described as a “phenomenon of vanishing returns on IT
investments” (p 4).

Findings exhibit many realized benefits after the ERP

implementation exercise. On the other hand, a few confirmed benefits by other
researchers were not exhibit during this study, and should be further investigated. The
primary limitation revolves around the selected methodology, as it does not have a sound
theoretical foundation. Additionally, Elragal and Al-Serafi did not take into account
modules implemented and only addressed ERP, and a limitation exists as ERP systems
may only provide IT infrastructure, and not real benefits.
Overall, the research community supports execution of strategy based theory
studies (Ahmed & Al-Serfi, 2011; Wieder, 2006), and recommends to study the impact of
ERP on business performance utilizing qualitative study approaches, including surveys
and questionnaires. Economic strategy theories and accounting models are very popular,
with many studies as discussed earlier in this section, for information systems and
accounting research. Various studies of this type assumed economic and industrial
organizational theories as basis for measuring how ERP systems effect coordination and
transaction costs. Given that financial data is reported annually, researchers utilize
multiple measures such as sales, general, and administration expense (SG&A), revenues,
cost of goods sold (COGS), residual income, and number of employees as financial
performance indicators (Poston & Grabski, 2001; Nicolaou et al. 2004; Hunton et al.
2003; Matolcsy et al. 2005; Elragal and Al-Serafi (2001). Although, extensively studied,
strategy based research has yielded contradictory results as indicated earlier in this
section, and highlighted the need for theoretically well-grounded methods for assessing
benefits of enterprise systems like the one proposed for this study for ERPs.
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Existing studies of the impact of IT on business value in general and impact of ERP
in particular was discussed and classified using the underlying theory used in each study.
Based on the extensive review provided in this section, Table 1 below, identifies and
summarizes specific theories used in prior studies, and would help the reader to have an
appreciation of all the theories in scope.
Table 1: Summary for approaches reviewed in scope for this research effort
Theory

Description

Methods

Cites

Production function

Key concept of neoclassical theory,

Total Factor

Hitt eat al ( 2002)

theory

and such theory assumes firms have a

Productivity (TFP)

Hitt &

production process defined by a

Brynjolfsson

function, and such function relates

(1996)

outputs to the capital and labor input

Kudyba & Diwan

variables

(2002)

Efficient market

Key concept of economic theory and

Event study

theory

such

methodology

theory

assumes

perfect

Hayes et al. (2001)

competition. Hence, the stock price of
the firm at a given time is an unbiased
estimate of the true value of the firm.
Benefits from investments in IT (ERP)
are assumed to be instantaneously
reflected in stock price changes.

Tobin’s q

Perfect market

Key concept of finance theory, and

Hitt et. al (2002)

theory

such theory assumes that financial

Hitt &

markets are informationally efficient;

Brynjolfsson

hence, one cannot attain returns in

(1996)

surplus of the average market returns
on a risk adjusted bases, given the
information is available at the time of
the investment.

Strategy theory (i.e.

Key concept of business strategy

Exploratory

Estevez (2009)
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Porter’s value

drawn from the areas of industrial

Surveys,

Velcu (2007)

chain)

organization

organizational

questionnaires,

Ahmed & Al-

behavior areas. Conditions leading to a

financial ratios.

Serafi (2011)

and

sustainable competitive advantage are

Poston & Grabski

studied. Concepts and measurement

(2001)

methods from several areas (e.g.,

Nicolaou et al.

finance) are used to speculate about

(2004)

value of IT.

Hunton et al.
(2003)
Matolcsy et al.
(2005)
Elragal & Al-Serafi
(2001)
Hitt eat al ( 2002)
Hitt &
Brynjolfsson
(1996)
Kohli and Devaraj
(2004)
Gelderman (1998)
Hu and Plant
(2001)
Kivijarvi&
Saarinen (1995)

Summary
Recapitulating from the problem statement, the current literature a) uses different
notions of value, b) ignores the long run versus short run issues in measurement, c)
ignores the fundamentally “platform” and option-creating nature of ERP-type
investments and d) mixes and matches several conceptualizations of firm and market in
the study of ERP’s role in firm value. The literature review demonstrates these issues
clearly.
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Regarding the first issue, the notion of business value, this dissertation plans to use
firm productivity changes as a measure of business value. Under TFP, if the outputs and
inputs of a firm are available in natural units (e.g., number of labor hours worked,
number of widgets produced), a straight forward estimation of the production function
will yield productivity gains which can be attributed to either IT-specific inputs or the
residual. In practice, only dollar equivalent measures of inputs and outputs are available
(typically from the balance sheet and income statement). If the factor and output markets
are assumed to be efficient and the firm produces no intermediate goods, then dollar
figures can serve as reasonable proxies for inputs and outputs. For the purpose of this
dissertation, we follow prior research and focus on measuring productivity in terms of
financial accounts, though the weaknesses of this method should be noted.
The second issue of long versus short run business value is very difficult to address.
Logically, one assumes that in the very long run, a firm could change many variables
(e.g., invest in equipment, develop new markets, exit unprofitable markets) whereas in
the short run, a firm may be constrained in what variables it can change. The literature
review shows that benefits from ERP are realized at least 3-5 years after investment.
However, 3-5 years is a long enough time for some strategic decisions (e.g., exit
unprofitable markets, form strategic alliances etc.) and thus, even if benefits can be
measured, it is difficult to attribute them to ERP alone. The event study method is the
most appropriate method for such long run benefit estimates (assuming the underlying
assumptions hold) – since changes in market capitalization provide an unbiased estimates
of all future gains, suitably discounted. A clear conceptualization of long versus short
term gains is not easy to make under other assumptions and is further complicated by
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data collection difficulties. Thus, this dissertation uses market-based methods such as
Tobin’s Q for speculating on long and short run issues.
The third issue deals with the “option-like” nature of ERP investments. ERP-type
enterprise technologies enable a firm to quickly adopt novel business strategies as
situation demands, so that an investment in them is justified, even if the cost attributable
to them are higher than benefits. Generally speaking, decision making using real option
type methods is a corporate finance activity and difficult for an individual researcher to
study. Thus, this dissertation does recognize the option-nature of ERP and attempts to
study productivity gains resulting from implementing core modules (which enable
options) and support modules (which build on top of core modules to provide business
functionality).
The fourth issue deals with the mixing and matching of various conceptualizations
in prior research. Studies based in TFP assume that a firm can be represented by a
production function. Studies based on event study methods (or use Tobin’s Q) assume
that the market is informationally efficient. Studies based in strategy do not explicitly
models a firm or the market – a variety of views, frameworks and models are used to
inform speculation. For example, Porter’s model is loosely based in industrial
organization (IO) – while IO uses very carefully specified models (and hence is
falsifiable), Porter’s model is not specified as carefully. As a second example, the
resource based view is closely related to the notions of complementarity in production –
however, most IS work uses verbal models. In this dissertation, the focus is on methods
based in economics and finance and not strategy.
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Overall, this study is concerned with the business benefits of ERP on Small and
Medium Enterprises (SME). Since the focus is empirical, it plans to use concepts based
primarily in the theory of production functions (TFP) to provide guidance for data
collection; it closely follows Hitt et.al. (2002). Such study performed similar research in
the context of large firms.
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Chapter 3
Methodology
Introduction
This chapter provides a detail explanation, for how the investigation was conducted.
An overview of the research methodology is provided in this section, and provides a
detailed discussion for the model to be used. Figure 1, represents the diagram for the
model in very simple terms, and frames the tone for this chapter and what was planned to
be executed. Details for the specifics of the analysis are provided later in the chapter as
part of the “Research Methodology” section, to include a Step by Step process for this
project. Additionally, hypotheses were presented in detailed as part of the research
model, to include a detailed description of the variables in scope for this study. The
section for “Sample Characteristics” provides a preliminary view of the distribution for
SMEs that implemented ERP, by the Standard Industrial Classification (SIC) Code; also,
depicted the number of SMEs that implemented ERP for each year, the number of SMEs
that implemented ERP, by the vendor. Descriptive statistics for all variables in scope are
also provided in this chapter, to include the mean, variance, skewness, and kurtosis for
each variable in scope. Other graphical representations are provided, to depict the basic
characteristics and the relationships among the variables in scope. Finally, this section
conducted a test to validate the assumptions for multivariate analysis would hold, to
execute this project as part of the dissertation report deliverables.
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Review of Research Model
Understanding of the data and relationships between variables was a fundamental
step in the process of multivariate analysis. There were many multivariate techniques
available to complete such analysis, and such techniques allowed researchers to
understand, interpret, and articulate the results. Having such understanding during this
study, for variable relationships, would increase benefit exponentially, as it allowed for a
coherent prospective and interpretation of the results. The research model for this study is
presented below, in Figure 1, and shows the proposed theoretical framework for this
study, including relationships. The framework includes independent and dependable
variables. Dependent variables were affected by two independent variables, which
correspond to ERP adoption, and ERP modules implemented. Dependent variables are
also depicted in Figure 1 below.

Independent Variables

ERP Adoption
Yes = 1
No = 0

Dependent Variables

Performance
Ratios
(ROA, ROE, IT,
PM, AT, ART, DE)

Productivity
Regression
(Labor
Productivcity)

ERP Modules
Implemented
1- Primary modules
2-Support modules
3 – both (1&2)

Stock Market
Valuation
(Tobin’s q)

Figure 1: Diagram of proposed model (based on Hitt et al, 2000)
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Hypotheses
Based on the theoretical framework proposal for this study, SMEs that have adopted
ERP systems should exhibit improved performance from ERP implementation;
specifically, SME that adopted ERP should differentiate on the productivity
improvements from ERP adoption, and the implied barrier to entry created by the
complexity of successful ERP implementation (Hitt et. al 2002). For this study, the ERP
adoption variable had a binary scale; either a firm had adopted ERP, with a variable value
of 1, or the firm had not adopted ERP, with a variable value of 0. Hence, it was expected
to see improvements in performance on SMEs that implemented ERP systems, and the
base hypothesis for this study was as follows:
H1: SMEs that adopt ERP systems will exhibit improved performance as measure by
performance ratio analysis, and productivity regressions.
Another approach to measure SME performance, and value added from ERP
adoption was to compare the firm to itself over time. This approach enabled enhanced
controls for firm heterogeneity by evaluating variations over time (e.g. if a successful
SME deploys ERP for non-productive reasons, it may exhibit as positive benefits for H1).
Furthermore, ERP implementation is a complex exercise with high risks during the
implementation, and for some time after the implementation. ERP deployments are a
business, organizational, and technical challenge and take between one to three years to
complete, with benefits starting to accrue in an average 31 months after the
implementation (O’Leary, 2000). Thus, the second hypothesis follows:
H2a: There is a decline in SME performance during ERP adoption, as measured by
performance ratios, and productivity regressions.
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H2b: There is a prolonged decline SME performance short after ERP adoption, as
measure by performance ratios, and productivity regressions.
Stock market valuation offered a practical measure of long term productivity, and the
expectations was for SMEs to exhibit increases in market valuation as a result of ERP
adoption, which would represent the future gains as well as the successful resolution of
implementation risks. Such computation for this study, for stock market valuation took
the form of the Tobin’s q ratio, market value / book value, where high ratios would show
high market rewards. Hence, the next hypothesis follows:
H3a: There is an increase for SME stock market valuation, at the initiation of an
ERP implementation.
H3b: There is an increase for SME stock market valuation, at the completion of ERP
implementation.
To test these hypotheses H3a-b, two new variables were incorporated which in turn
segmented the time period for ERP adopters in the performance analysis as follow:
Begin_Impl: is set to one (1), at the year of first ERP implementation, and maintains
its value of 1 subsequently. It is zero (0), prior to any implementation.
End_Impl: is set to one (1) at the year when first ERP implementation is finished and
maintains its value of 1 subsequently. It is zero (0), prior to any completion.
Hitt et al. (2000) noted that ERP modules implemented (i.e. manufacturing, finance,
warehouse, finance, human resources, or all modules) in any combination can lead to
improved performance, and such modules if implemented concurrently would work in
harmony. Nicolaou (2004) noted that firms that enabled support modules only (i.e.
financials and human resources), had better performance when compare to those that
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enabled only primary modules (i.e. all other modules) as indicated by the performance
ratios for cost of goods sold over sales. Additionally, the study by Nicolaou exhibited
lower performance for firms that adopted primary and support modules, when compared
to ones that implemented support modules only, as indicated by the performance ratio for
return on assets. For this study, the modules implemented variable was defined as
follows: 1) implemented primary modules only (modules that supported supply chain
activities to include all modules except human resources and financials), 2) implemented
support modules only (human resources and financial modules), and 3) all modules
implemented (primary and support modules). Clearly, as indicated by previous research,
ERP modules implemented has a significant impact on performance. Hence, the final
hypothesis follows:
H4: Benefit realization for SMEs as a result of ERP is directly linked to the modules
implemented variable.
Research Methodology
This dissertation followed the study by Hitt et al. (2002), including the formulas,
who performed a similar study in the context of large firms. This study examined
performance impacts from ERP implementation, in the context of small and medium
enterprises, and used three fundamental specifications for the examination of impacts as
follows: performance ratios, productivity (production function), and stock market
valuation (Tobin’s q). The literature review section included a detailed discussion for
common approaches to measure productivity of IT. This study followed Hitt et al. (2002),
for formulas and estimated regression of multiple financial performance ratios, and used
the general estimation equation below for productivity of IT.
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log (performance ration numerator) = intercept

+ log (performance ratio denominator)
+ adoption variables + year controls + industry controls + ε

For the estimation regression exercise, this study compared multiple performance
ratios to capture different characteristic of SME performance, including bottom-line
profitability (ROA), and ratios of firm activities that in turn drive performance.
Furthermore, the study took into account dummy variables to capture transitory,
economy-wide shocks that would impact SME performance. Additionally, the study also
controlled for industry to remove deviation on performance ratios, due to industry
specific eccentric characteristics. The primary advantage of using such financial
performance ratio analysis was the ability to capture multiple aspects to asses SME
performance. On the hand, the primary disadvantage, was that such model specification
lacks a sound theoretical approach; hence, should be infer as a correlation, and not
estimations of a strong econometric model. To negate such limitation, this study used two
other approaches in the context of SEMs, discussed extensively as part of the literature
review section as follows: productivity regression and Tobin’s q analysis.

Productivity regressions follow the fundamental theory production function, a key
concept of neoclassical theory, and such theory assumes firms have a production process
defined by a functional form of f(*), and such function relates outputs to the capital and
labor input variables. The literature review section included a detailed discussion for
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common approaches to measure productivity regressions, including the Cobb-Douglas
production function equation, the most comprehensive in the context of SMEs for
calculating elasticities and marginal products of inputs. In such equation, the intercept
variable in a log-log regression has a unique rationalization, and is fundamentally a ratio
of output to an index of inputs a SME would consume. Furthermore, to capture disparity
in performance, other variables can be included to the Cobb-Douglas production function
equation, in its log-log form whose coefficients represent productivity differences as a
percentage, and yields the following estimation equation for productivity regressions.
log VA = intercept + adoption variable +a1 log K + a2log L
+ year controls + industry controls + ε

This approach, for productivity regression, negated the limitation of financial
performance ratio analysis, and provided a more rigorous theoretical foundation for
analysis. The productivity regression approach was limited to capture only current gain,
and lacked the capability to address future gain any SME would realized from ERP
implementation. To mitigate such limitation, this study used the stock market data to
value SME’s investments in ERP.
ERP implementation, in the context of small and medium enterprises, would
translate into value added; hence, informed investors would estimate such value, and the
stock market will reflect such valuation as a result of ERP. Furthermore such investor
valuation would include intangible benefits from ERP implementation, otherwise not
capture using the production function approach, and one could argue that such approach
for market value would better represent the total benefit of ERP. This study used the
Tobin’s q analysis to capture such investor valuation, and adopts a simplified equation to
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correlate the market value of the SME, to the assets in use. Additionally, the general
Tobin’s q equation form for this study included variables to represent shifts in market
value as a result of ERP, to include time and industry dummy variables, as indicated in
the equation below.

log (market value) = intercept + adoption variable
+ a1 log (book value) + a2 IT capital
+ years dummies + industry dummies + ε
All three approaches for analysis, in scope for this dissertation study, represented
the benefits SMEs would realize, over a wide variety of sample firms, and projects.
Hence, one would have to assume, that not all implementation projects were successful,
and others would surpass expectations. Consequently, the results represent an average
across multiple sample firms, and one should be conscious about variances for individual
firms, as the results represent the sample average value only.

Detailed description for each step of the proposed methodology approach follows
below, including preliminary data sample characteristics.
1. The primary data source for sampling was the LexisNexis Academic Universe
newswires database, and the sample selection criteria was limited to U.S. based
firms, in the category of Small and Medium Enterprises (SMEs) which were
publicly traded; hence, financial date was available for analysis. LexisNexis
search criterion included a combination of the following terms: “implement”,
“convert”, and “contract”, along with the ERP offering or vendor as follows:
“Adage”, “BAAN”, “EPICOR”, “GEAC”, Smartstream”, “Great Plains”,
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“Hyperion”, “Intentia International”, “JBA International”, “JD Edwards”,
“Lawson”, “Oracle Financials”, “PeopleSoft”, “QAD”, “SAP”, “ SSA”, and
“SCT”.

Another sampling data source was the Oracle Corporation’s

Information for Success report for year 2007-2008, for successful midsize ERP
implementations including JD Edwards EnterpriseOne, , and Oracle E-Business
Suite offerings. Preliminary sample data, including characteristics were
available as part of Appendix B.
2. The newswires from LexisNexis and the Oracle Corporation’s Information for
Success report was carefully reviewed, looking for ERP Modules Implemented.
For this dissertation project, “ERP Modules Implemented” (independent
variable)

was classified in three categories by the type of modules

implemented, to characterize enterprises base on modules that were put into
service as follows: 1) implemented primary modules only which support supply
chain activities, and include all modules with the exception of human resources
and financial modules, 2) implemented support modules only, which are the
ones for human resources and financials, and 3) implemented all modules
including primary and support modules. Preliminary sample data, including
characteristics were available as part of Appendix B.
3. The researcher extracted all financial data in scope for this dissertation, as
indicated in Table 2. For this extraction exercise, the researcher utilized the
COMPUSTAT database, and retrieved all financials as needed, for the year
before ERP implementation, and four years post- implementation, for a total of
five years of financial data.
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4. Date collected from the steps above, was analyzed, and supported or not the
hypothesis in scope for this dissertation study. The analysis exercise, focused on
the Hypothesis in scope, and compared the performance of the Experimental
Group, one year prior of the ERP implementation, and four years after.
Furthermore, the overall differential performance was compared for one year
prior to ERP implementation, and four years after, for a total of five years.
Finally, the effect of the second independent variable, Modules Implemented,
was analyzed to support the Hypotheses in scope, and documented.
The first independent variable, ERP adoption, represented the segregation of
enterprises that have implemented ERP, from the ones that did not implemented an ERP
solution. The ERP adoption variable utilized a binary scale to characterize enterprises
that implemented ERP (with a variable value of 1), and the ones that did not (with a
variable value of 0). The second independent variable, ERP modules implemented,
classified enterprises base on the type of modules implemented. The ERP modules
implemented variable utilized three categories, to characterize enterprises base on
modules that are put into service as follows: 1) implemented primary modules only which
support supply chain activities, and include all modules with the exception of human
resources and financial modules, 2) implemented support modules only, which are the
ones for human resources and financials, and 3) implemented all modules including
primary and support modules.
This study utilized various accounting measures, which were characterized by ratios
based on input from the financial statement of each firms in scope. The second dependent
variable revolved around productivity, specifically Labor productivity, and represented
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how productive employees were in the event of ERP adoption for the enterprise, and it
was calculated by dividing total sales by the number of employees. Finally the last
dependent variable was the Stock market valuation which offered a practical long term
view of the productivity variable discussed above; the expectation was to experience
significant increases in market valuation as a result of ERP implementation. Stock market
valuation was interpreted as the future gains and the mitigation of all ERP
implementation risks. Such computation, for stock market valuation took the form of the
Tobin’s q ratio, market value / book value, where high ratios showed high market
rewards. Financial performance indicators (dependable variables for Cost, revenue and
overall financial ratios) were extracted from the COMPUSTAT databases, one year prior
to ERP implementation, and four years after. The LexisNexis database served as the
primary source for sample selection of U.S based SMEs that implemented ERPs. Oracle’s
Information for Success report also served as sample source for SMEs that implemented
ERPs.
Table 2 below delivers summary for definitions and interpretation for the
measurement ratios in scope for this dissertation.

64

Table 2: Summary - Performance Measurement Ratios (Hitt et al. 2002)
Ratio
Return on Asset (ROA)

Definition

Interpretation

Pretax Income divided by High ratio showed efficient
Assets

operation of the firm, without
regard

to

its

financial

structure.
Inventory Turnover (IT)

COGS / Inventory

Higher ratios indicated more
efficient operation on firm
without regard to its financial
structure

Return on Equity (ROE)

Pretax Income divided by High ratio indicated higher
equity

returns

accruing

to

the

common shareholders
Profit Margin (PM)

Pretax income / sales

High ratio indicated high
profit generated by sales

Asset Turnover (AT)

Sales / Assets

High ratio indicated high
level of sales generated by
total assets

Account receivable Turnover Sales/Account Receivable

High ratio indicated effective
management

(ART)

of

customer

payment
Debt to Equity (DE)

Debt / Equity

The higher the debt ratio, the
riskier the firm

Labor productivity (LP)

Sales / # of employees

High

ratio

showed

more

productivity employee
Tobin’s q (T)

Market Value/ Book Value

High

ratio

showed

high

market rewards

Sample Characteristics
Based on the pre-defined LexisNexis search criteria, and after excluding firms with
no financial data available from COMPUSTAT, the sample was reduced to 34 SMEs that
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implemented ERP. Table 3 represented the distribution for SMEs that implemented ERP,
by the Standard Industrial Classification (SIC) Code. Table 4 depicted the number of
SMEs that implemented ERP for each year, and Table 5, depicted the number of SMEs
that implemented ERP, by the vendor. Any mismatch for the original list of ERPs in
scope documented in page 12, means that such ERP offering did not produce any results
during the searching process or simply the performance indicators were available for
consumption via the COMPUSTAT database.

According to Hair et al. (2010), the

sample size utilized in multiple regressions is the most influential component that the
researcher controls as part of the design for analysis exercise. Furthermore, Hair el al
(2010) indicated that the effects of sample size would impact directly the statistical power
of the significance testing, and the generalizability of the results, as discussed next in the
text.
The size of the sample impacted significantly the appropriateness and the statistical
power of multivariate regression. In the case of simple regressions, a small sample would
be appropriate, typically characterized by having less than 30, for sample size, taking into
consideration a single independent variable. On the other hand more than 1000 for
sample size would make the statistical significance test overly sensitive; frequently,
showing any relationship as statistically significant. For multiple regressions, “power
refers to the probability of detecting as statistically significant a specific level of

, or a

regression coefficient at a specified significance level for a specific sample size”, Hair et
al. (2010). For illustration purposes, Table 2-1, showed the relationship among sample
size, the significance level (α ), and the number of independent variables in detecting the
significant

.
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Table 2-1: Minimum

That Can Be Found Statistically Significant with a Power of .80 for

Varying Numbers of Independent Variables and Sample Sizes
Significance Level (α )= .01

Significance Level (α )= .05

No. of Independent Variables

No. of Independent Variables

Sample Size

2

5

10

20

2

5

10

20

20

45

56

71

N/A

39

48

64

N/A

50

23

29

36

49

19

23

29

42

100

13

16

20

26

10

12

15

21

250

5

7

8

11

4

5

6

8

500

3

3

4

6

3

4

5

9

1000

1

2

2

3

1

1

2

2

Table 2-1: Minimum
That Can Be Found Statistically Significant with a Power of .80
for Varying Number of Independent Variables and Sample Sizes, by Hair et al. (2010).

Consequently, the researcher had the option to consider the role of the sample size
in significance testing before collecting data. In this scenario, if a weaker relationship
was expected, the researcher could make an informed decision as to the required sample
size to successfully determine the relationship, if they exist. Additionally, the researcher
could control the sample size needed to perceive effects for individual independent
variables given the expected effect size (correlation), the α level, and the power desired,
Hair et al. (2010). According to Hair et al., sample size would also impact the
generalizability of the results by the ratio of observations to independent variables, in
addition to its role in determining statistical power, and suggests a general rule for not
falling below 5:1; meaning no less than five observations for each independent variable
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in scope. Hair et al. clarifies that the minimum would be the 5:1 ration, but the optimal
and desired ratio would be between 15 and 20 observations for each independent
variable. For this study, with 2 independent variables identified in Figure 1, the sample
size was for 34 observations.
Table 3: Distribution for SMEs that Implemented ERP, by SIC Code
SIC
3861

Industry Type
Photographic Equip and

No. of SMEs
1

Supply
5651

Family Clothing Stores

1

2844

Perfume, Cosmetic, Toilet

1

Prep
5940

Misc Shopping Goods Stores

1

3674

Semiconductor, Related

2

Device
2810

Indl Inorganic Chemicals

1

3990

Misc Manufacturing Industries

1

4911

Electric Services

2

7373

Computer Integrated Sys

2

Design
5045

Computers and Software-

1

Wholesale
1311

Crude Petroleum and Natural

1

Gas
3621

Motors and Generators

1

68

2040

Grain Mill Products

1

7948

Racing, Incl Track Operations

1

4220

Public Warehousing and

1

Storage
4923

Natural Gas Transmission and

1

Distribution
7510

Auto Rent and Lease, No

1

Drivers
7370

Computer Programming, Data

2

Process
6022

State Commercial Banks

1

7363

Help Supply Services

1

8711

Engineering Services

1

4931

Electric and Other Services

1

Comb
2911

Petroleum Refining

1

7812

Motion Pic, Videotape Prodtn

1

3089

Plastics Products, Nec

1

3250

Structural Clay Products

1

3821

Lab Apparatus and Furniture

1

2090

Misc Food Preps, Kindred Pds

1
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2761

Manifold Business Forms

1

3678

Electronic Connectors

1

Table 4: Number of SMEs that implemented ERP by Year
Implementation Year

No. of SMEs

2001

3

2000

15

1999

11

1998

5

Table 5: Number of SMEs that implemented ERP, by Vendor
ERP Vendor

No. of SMEs

Epicor

1

Intentia Movex

2

Oracle

12

SAP

16

Lawson

1

White Amber

1

PeopleSoft

1

Descriptive statistics for all independent and dependable variables were depicted in
Table 6, to include mean, variance, skewness, and kurtosis for each variable in scope.
Skewness depicted the level of irregularity of a distribution around its Mean. The Mean
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and deviation were dimensional qualities; on the other hand, the skewness was typically
defined as a non-dimensional quantity. A positive value of skewness represented a
distribution with an asymmetric tail extending out towards the positive axle, and a
negative value represented a distribution which tails extended out in the negative axle.
Finally, kurtosis, also a non-dimensional quantity, measured the comparative peakedness
or flatness of a distribution.
Table 6: Descriptive Statistics
Variables
SME ID Number
ERP Modules

Mean

Variance

Skewness

Kurtosis

17.50

99.16

.00

-1.20

2.29

.396

-.30

-.56

96.08

287.93

-5.83

34.00

96.13

278.43

-5.83

34.00

96.09

287.69

-5.83

34.00

8.28

828.71

2.978

7.48

96.14

277.33

-5.831

34.00

99.00

.00

.

.

24.73

1754.55

1.29

-.331

26.55

1813.18

1.27

-.257

246.90

70166.73

2.17

5.14

35.44

2953.28

1.16

.25

Return on
Asset_Year_0
Inventory Turnover
_Year_0
Return on
Equity_Year_0
Profit Margin_Year_0
Asset
Turnover_Year_0
Account receivable
Turnover_Year_0
Debt to
Equity_Year_0
Tobin’s q _Year_0
Labor productivity
_Year_0
Return on
Asset_Year_1
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Inventory Turnover
43.86

2830.74

1.28

1.49

19.54

1905.74

1.92

2.14

16.00

1632.39

2.18

3.14

9.65

796.23

3.03

7.67

18.79

920.62

2.31

3.84

27.45

1901.42

1.11

-.80

15.88

1320.30

1.69

2.08

360.91

258137.96

2.22

3.73

37.79

2389.08

.50

-1.85

37.29

1796.71

.74

-1.41

20.30

1654.45

1.52

.33

11.01

1073.16

2.43

4.30

15.43

1241.11

2.08

2.49

23.84

1279.98

1.68

1.01

33.52

2115.74

.78

-1.46

15.99

2188.50

-.29

4.17

426.27

369829.25

2.35

4.45

36.36

2566.985

.750

-1.295

_Year_1
Return on
Equity_Year_1
Profit Margin_Year_1
Asset
Turnover_Year_1
Account receivable
Turnover_Year_1
Debt to
Equity_Year_1
Tobin’s q _Year_1
Labor productivity
_Year_1
Return on
Asset_Year_2
Inventory Turnover
_Year_2
Return on
Equity_Year_2
Profit Margin_Year_2
Asset
Turnover_Year_2
Account receivable
Turnover_Year_2
Debt to
Equity_Year_2
Tobin’s q _Year_2
Labor productivity
_Year_2
Return on
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Asset_Year_3
Inventory Turnover
36.02

1975.676

.966

-.898

23.22

1820.346

1.306

-.316

11.56

1050.376

2.484

4.428

12.45

1029.266

2.483

4.425

21.10

1112.499

1.968

2.161

37.42

2194.228

.577

-1.731

16.70

1806.078

.714

1.802

388.94

354181.323

3.555

14.392

37.87

2383.399

.507

-1.856

38.05

3156.076

2.335

6.981

23.39

1813.178

1.304

-.318

11.61

1049.003

2.484

4.429

12.47

1028.739

2.483

4.425

21.55

1097.376

1.971

2.184

33.42

2121.038

.786

-1.467

20.83

1399.580

1.664

.926

386.29

281870.569

3.246

11.841

_Year_3
Return on
Equity_Year_3
Profit Margin_Year_3
Asset
Turnover_Year_3
Account receivable
Turnover_Year_3
Debt to
Equity_Year_3
Tobin’s q _Year_3
Labor productivity
_Year_3
Return on
Asset_Year_4
Inventory Turnover
_Year_4
Return on
Equity_Year_4
Profit Margin_Year_4
Asset
Turnover_Year_4
Account receivable
Turnover_Year_4
Debt to
Equity_Year_4
Tobin’s q _Year_4
Labor productivity
_Year_4
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Return on
36.36

2566.985

.750

-1.295

36.02

1975.676

.966

-.898

23.22

1820.346

1.306

-.316

11.56

1050.376

2.484

4.428

12.45

1029.266

2.483

4.425

21.10

1112.499

1.968

2.161

37.42

2194.22

.577

-1.731

16.70385

1806.07

.714

1.802

388.94

354181.32

3.555

14.392

37.87

2383.39

.507

-1.856

38.05

3156.07

2.335

6.981

23.391

1813.17

1.304

-.318

Profit Margin_Year_4

11.61

1049.00

2.484

4.429

Asset

12.47

1028.73

2.483

4.425

21.55

1097.37

1.971

2.184

33.42

2121.03

.786

-1.467

20.83

1399.58

1.664

.926

Asset_Year_3
Inventory Turnover
_Year_3
Return on
Equity_Year_3
Profit Margin_Year_3
Asset
Turnover_Year_3
Account receivable
Turnover_Year_3
Debt to
Equity_Year_3
Tobin’s q _Year_3
Labor productivity
_Year_3
Return on
Asset_Year_4
Inventory Turnover
_Year_4
Return on
Equity_Year_4

Turnover_Year_4
Account receivable
Turnover_Year_4
Debt to
Equity_Year_4
Tobin’s q _Year_4
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Labor productivity

386.29

281870.56

3.246

11.841

_Year_4

Graphical examination of the data to depict the basic characteristics of individual
variables, and the relationships of the variables in a simple picture, would help to better
understand and interpret such descriptive statistics presented in Table 6. Figure 2,
delivered a graphical representation for each variable in scope of this dissertation plotted
across years as a line chart, and provides a sense for data distribution for this data sample.

Figure 2: Data Distribution for Data Sample
** X-Axis = YEARS, Y-Axis = Mean by Ratio

Resources
The components to complete a project included hardware, software, data,
procedures, and people. This resource definition for project completions was borrowed
from Kroenke (1984).
Hardware
The hardware components required to complete this study will include personal
computer. This personal computer will be a Dell Latitude with the following hardware
components: 1) Intel Core 2 Duo @ 3.06 GHz per core, 2) 3.48 GB of RAM.
Software
Software required to complete this project included the Microsoft Office Suite. The
suite includes Microsoft Project (project planning software) for executing all tasking in
scope for dissertation study. Microsoft Word will be utilized for all writing activities.
Data
For this study data was compiled and analyzed. The sample data was completed by
identifying SMEs that publicly disclosed ERP adoption. Such information was extracted
from the Lexis-Nexis Academic database, available via NSU library services.
Performance indicators (Cost, revenue and overall financials) were extracted from the
COMPUSTAT and the Center for Research in Security Prices (CRSP) databases, also
available via NSU library services.
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Procedures
A comprehensive project plan was created to manage the design and execution of
this dissertation study.
People
For this study, the researcher was the primary human resource, and had consultancy
support from the dissertation chair and committee members.

Summary
The focus of this study was to propose a theoretically well-grounded method for
measuring the long term impact, over a period of 5 years, and benefits from ERP. A
benefit of using a well-grounded theory was that the limitations (boundary conditions) of
the theory were known. The theory and the method was discussed and tested in the
context of SME’s investing in ERP. In summary, the purpose of this dissertation focused
around the benefits of ERP on SME. Since the focus was empirical, the study used
concepts based primarily in the theory of production functions (TFP) to provide guidance
for data collection.
The framework was presented, to include independent and dependable variables;
dependent variables were affected by two independent variables, which correspond to
ERP adoption, and ERP modules implemented. Overall, this dissertation planned to
examine performance impacts from ERP implementation, in the context of small and
medium enterprises, and leveraged three fundamental specifications for the examination
of impacts as follows: performance ratios, productivity (production function), and stock
market valuation (Tobin’s q). Finally, the LexisNexis Universe newswires database was
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utilized for sample selection, to include SMEs based in the USA, and publicly traded.
Financial data was extracted from the COMPUSTAT database, for one year prior ERP
implementation, and four years post- implementation, for a total of five years of financial
data.
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Chapter 4
Introduction
This study was designed to address the long term impact of ERP in the context of
SMEs. Based on a literature review, three research questions were stated:
1. What is the impact of ERP adoption on small and medium enterprises (SMEs)
business value and overall performance?
2. What method for estimating benefits ERP should be used?
3. What is the impact of module selection during ERP adoption on SMEs
performance?
After reviewing several theoretical frameworks, specific hypotheses were
developed to address the goals of the dissertation. An early study by Hitt et al (2002)
provided the basis for several hypotheses. The hypotheses are:
H1: SMEs that adopt ERP systems will exhibit improved performance as measure
by performance ratio analysis, and productivity regressions.
H2a: There is a decline in SME performance during ERP adoption, as measured by
performance ratios, and productivity regressions.
H2b: There is a prolonged decline SME performance short after ERP adoption, as
measure by performance ratios, and productivity regressions.
H3a: There is an increase for SME stock market valuation, at the initiation of an
ERP implementation.
H3b: There is an increase for SME stock market valuation, at the completion of ERP
implementation.
H4: Benefit realization for SMEs as a result of ERP is directly linked to the modules
implemented variable
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The design of this study followed an early paper by Hitt et al (2002). The
Lexis/Nexis database was used to identify SME firms that were planning to implement an
ERP system. Financial data on these firms was collected using the CRSP database. This
resulted in a dataset on 34 SME firms. Strengths of such sample data was the focus on
SMEs, and served as a differentiator from the majority of prior research.
On the other hand, several weaknesses of the sample data, introduced limitations for
testing the proposed hypotheses. Since the sample size is small (34 observations), and
with several independent variables needing to be controlled, the estimated parameters
may not possess the large sample properties (e.g., consistency, unbiasedness, efficiency).
Second, the sample comprised different industries; consequently, it had a large industryspecific variation in dependent variables (e.g., performance) which leads to lower
confidence in estimated parameters.
Third, complementary data on IT usage was not available, since such data was not
reported in the CRSP database. Consequently, proxy data needed to estimate IT usage
and in some cases, a reasonable proxy, was not available. For example, Hitt et al. (2002)
were able to utilize a unique dataset courtesy of SAP, while this study could not obtain
similar data. Even the extensive data sets used by Hitt et al (2002) had some weaknesses;
examples included a limitation for only categorized firms that implemented SAP alone,
but not other ERPs utilized by the firms. Additionally, it was known that sample firms
utilized SAP and other ERPs for different divisions within the same firm; hence, a
limitation for classification of ERP versus non-ERP firms was clearly identified. Finally,
some firms adopted ERP partially, to include a subset of the modules implemented for
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unique divisions within the firm, and such study lacked detailed data for such partial
adoptions.
The weaknesses documented above were discussed with the committee for
suggestions on the best course of action for analysis. Table 7 below lists the original set
of hypotheses and the issues with the available data.
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Table 7: Hypothesis and Data for Testing
Hypothesis
H1: SMEs that adopt ERP
systems will exhibit
improved performance as
measured by performance
ratio analysis, and
productivity regressions.

Data Required to Test
Hypothesis
A) Financial Ratios: Return
on Asset (ROA), Inventory
Turnover (IT), Return on
Equity (ROE), Profit Margin
(PM), Asset Turnover (AT),
Account receivable Turnover
(ART), Debt to Equity (DE).

Unavailable data
All needed data available for
a small sample of 34 firms

B) Productivity Ratios:
Labor productivity (LP).
* Data available for 5 years (
one year prior
implementation, and four
year post implementation)
H2a: There is a decline in
SME performance during
ERP adoption, as measured
by performance ratios, and
productivity regressions.
H2b: There is a prolonged
decline SME performance
short after ERP adoption, as
measure by performance
ratios, and productivity
regressions.

Specific data needed for
Time of adoption. Current
data includes year of
implementation only, but not
utilization date.

Data for the time at which
ERP was implemented was
not available for all the firms
in the sample.

H3a: There is an increase for
SME stock market valuation,
at the initiation of an ERP
implementation.
H3b: There is an increase for
SME stock market valuation,
at the completion of ERP
implementation.

Specific data needed for time
at the “initiation of the ERP
implementation” and the
“completion of the
Implementation and
utilization”

For the most part, data for
initiation and completion
times was not available.

H4: Benefit realization for
SMEs as a result of ERP is
directly linked to the modules
implemented variable.

Specific data needed for time
at the “initiation and
completion of the ERP
implementation”, and the
modules implemented.

For the most part, data for
initiation and completion
times, and the modules
implemented, was
unavailable.
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Given the difficulties, the following plan was adopted for analysis, after consultation
with the committee. The dissertation will test the first hypothesis which relates firm
performance to adoption of ERP. The first statistical model will test for the impact of
adoption of ERP on firm performance as measured by financial ratios after controlling for
other variables. The specific functional form to be used is as follows:
(Rt – R0)= β0 + β Module Type + ε, where
Rt = Ratio at time t, R0 = ratio one year prior to ERP installation, and Module type
refers to the type of modules installed.
The specification examines the relationship between change in the value of a
financial ratio at time t (Rt – R0) and the type of module implemented at t=0. Module type
is a categorical variable and is coded as -1 for Primary modules, 0 for Support modules
and 1 for All modules. For each ratio, the regression is repeated for 4 years past the date
of implementation (i.e., using change in R1, R2, R3 and R4 with respect to R0). This allows
one to conclude whether the change in ratio in period t is explained by the module type.
Thus, it tests the hypothesis that ERP implementation leads to benefit realization some
years after implementation.
A consistent procedure was designed for examining several financial ratios of
interest. In the first step, a specific financial ratio was chosen for analysis. In a second
step, the descriptive statistics for the ratio were examined and observations falling outside
+/- three standard deviations were removed from analysis, since they could be potential
outliers. Third, a regression was performed for changes in ratio for each year compared to
the base year (i.e., R4-R0, R3-R0, R2-R0 and R1-R0) with the module type as a dependent
variable. The main results were summarized and discussed.
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Illustration using Profit Margin ratio
The procedure was illustrated using Profit margin ratio (PM) as the dependent
variable. PM is defined as net profits over Sales and readily computed using the CRSP
data for the firms in the sample. Descriptive statistics were presented for the final sample
of 24 SMEs in Table 8 below. Three observations did not have valid values and were
deleted from the sample due to lack of information. Additionally, observations which are
+/- 3 standard deviations were treated as outliers and deleted from the sample, thus
resulting in a total of 24 observations to be used for analysis. The estimated models were
presented in Table 9.

Table 8: Descriptive Statistics for PM Performance Indicator (N=24*)
Profit

Profit

Profit

Profit

Profit

Margin_Year_0 Margin_Year_1 Margin_Year_2 Margin_Year_3 Margin_Year_4

Mean

.08

.05

.03

.03

.02

Median

.06

.04

.05

.03

.04

Std. Deviation

.12

.07

.08

.09

.13

Minimum

-.03

-.08

-.21

-.26

-.38

Maximum

.64

.25

.17

.14

.22

* Observations with missing data were deleted and outliers removed from the original
sample of 34 observations.
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Table 9: Summary with Profit Margin as performance Indicator (N=24)
Model

Coefficient

p-value

Adjusted R2

Conclusion

.72

-.04*

MODULE is not significantly related to

for
MODULE
PM_Y1-Y0 =

.018

f (MODULES)

profit margin change from base year,
based on the p-value for the coefficient.
Very low adjusted R-squared suggests that
module variable explains almost no
variation in profit margin change.

PM_Y2-Y0 =

.051

.38

-.01*

f (MODULES)

MODULE is not significantly related to
profit margin change from base year,
based on the p-value for the coefficient.
Very low adjusted R-squared suggests that
module variable explains almost no
variation in profit margin change.

PM_Y3-Y0 =

.016

.74

-.04*

f (MODULES)

MODULE is not significantly related to
profit margin change from base year,
based on the p-value for the coefficient.
Very low adjusted R-squared suggests that
module variable explains almost no
variation in profit margin change.

PM_Y4-Y0 =

-.004

.93

-.04*

f (MODULES)

MODULE is not significantly related to
profit margin change from base year,
based on the p-value for the coefficient.
Very low adjusted R-squared suggests that
module variable explains almost no
variation in profit margin change.

* Note negative values for R2, adjusted for degrees of freedom

The above table suggests that, when profit margin was used as a performance
indicator, ERP implementation had no effect on profit margins even after four years of
implementation. Thus, it rejects the first hypothesis. Furthermore, for statistical
interpretation of observed data, the null hypothesis refers to a general default position
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that there is no relationship between the two measured phenomena, and this scenario, the
null hypothesis holds.

The analysis also informs the first and third research questions

and suggests that i) ERP had no impact on firm performance and ii) the specific modules
implemented did not make a difference to firm performance either.
The above analysis was replicated with several other financial ratios. Table 10
summarized the financial ratios proposed for analysis, their definition and expected
direction of change.

Table 10: Summary – Financial Ratios: Definitions & Interpretation
Ratio
Labor productivity (LP)

Definition
Sales / # of employees

Interpretation
Although, it is expected to
experience a slowdown in
productivity short after ERP
implementation; Sales would
be projected to increase. With
a tendency to decrease the
number of employees as a
result of ERP adoption. ERP
adoption

is

expected

to

increase the LP ratio; hence,
improved
productivity

employee
would

be

expected.
Tobin’s q (T)

Market Value/ Book Value

Prior studies show that the
market value of the firm
would increase following an
announcement

of

ERP

investment. This increase is
expected to be instantaneous,
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following

perfect

markets

The

available

assumption.

data is based on annual
reports and not immediately
following an announcement.
Thus, a change in Tobin’s Q
will

reflect

changes

in

year-to-year
valuation.

In

general, ERP adoption is
expected to increase the ratio.
Profit Margin (PM)

Pretax Income / sales

Sales would have a tendency
to go up or to remain the
same as a result of ERP
adoption. The cost of goods
sold (COGS) might decrease
and thus improve pre-tax
income. Thus, it is expected
that
would

Profit

Margin

increase

Ratio

following

ERP adoption.

Analysis using Tobin’s q (T) ratio
The analysis was repeated using Tobin’s q (T) ratio as the dependent variable.
Tobin’s Q is defined as the ratio of market value over book value, and readily computed
using the CRSP data for the firms in the sample. Descriptive statistics were presented for
the final sample of 24 SMEs in Table 11 below. Night observations did not have valid
values and were deleted from the sample due to lack of information. Additionally,
observations which are +/- 3 standard deviations were treated as outliers and deleted from
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the sample, thus resulting in a total of 24 observations to be used for analysis. The
estimated models were presented in Table 12.

Table 11: Descriptive Statistics for T Performance Indicator (N=24*)
T_Year_0

T_Year_1

T_Year_2

T_Year_3

T_Year_4

Mean

8.22

1.48

-2.31

-1.31

4.38

Median

3.06

2.42

2.59

1.87

2.32

23.72

11.31

30.25

20.64

8.30

Minimum

-18.60

-49.38

-146.55

-99.24

-1.02

Maximum

118.25

14.39

15.61

11.35

42.77

Std. Deviation

* Observations with missing data were deleted and outliers removed from the original
sample of 34 observations.

Table 12: Summary with T as performance Indicator (N=24)
Model

Coefficient

p-value

Adjusted R2

Conclusion

.522

-.03*

MODULE is not significantly related to

for
MODULE
T_Y1-Y0 = f

-1.47

Tobin’s q change from base year, based

(MODULES)

on the p-value for the coefficient. Very
low adjusted R-squared suggests that
module variable explains almost no
variation in Tobin’s q change.
T_Y2-Y0 = f

-7.63

.34

0.00

MODULE is not significantly related to
Tobin’s q change from base year, based

(MODULES)

on the p-value for the coefficient. Very
low adjusted R-squared suggests that
module variable explains almost no
variation in Tobin’s q change.
T _Y3-Y0 = f
(MODULES)

-4.87

.33

.000

MODULE is not significantly related to
Tobin’s q change from base year, based
on the p-value for the coefficient. Very
low adjusted R-squared suggests that
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module variable explains almost no
variation in Tobin’s q change.
T _Y4-Y0 = f

4.15

.30

.01

(MODULES)

MODULE is not significantly related to
Tobin’s q change from base year, based
on the p-value for the coefficient. Very
low adjusted R-squared suggests that
module variable explains almost no
variation in Tobin’s q change.

* Note negative values for R2, adjusted for degrees of freedom

The above table suggests that, when Tobin’s q (T) was used as a performance
indicator, ERP implementation had no effect on T even after four years of
implementation. Thus, it rejects the first hypothesis. The analysis also informs the first
and third research questions and suggests that i) ERP had no impact on firm
performance and ii) the specific modules implemented did not make a difference to firm
performance either.
Analysis using Labor Productivity (LP) ratio
Analysis was repeated using Labor Productivity (LP) ratio as the dependent variable.
LP is defined as sales over number of employees, and readily computed using the CRSP
data for the firms in the sample. Descriptive statistics were presented for the final sample
of 26 SMEs in Table 13 below. Seven observations did not have valid values and were
deleted from the sample due to lack of information. Additionally, observations which
were +/- 3 standard deviations were treated as outliers and deleted from the sample, thus
resulting in a total of 26 observations to be used for analysis. The estimated models were
presented in Table 14.
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Table 13: Descriptive Statistics for LP Performance Indicator (N=26*)
LP_Year_0

LP_Year_1

LP_Year_2

LP_Year_3

LP_Year_4

Mean

247.10

375.57

373.04

283.22

316.32

Median

164.87

162.45

199.79

179.42

202.37

Std. Deviation

217.40

521.62

548.09

306.99

349.75

Minimum

4.92

46.81

45.40

46.15

46.48

Maximum

716.40

1853.38

2430.67

1561.34

1764.54

* Observations with missing data were deleted and outliers removed from the original
sample of 34 observations.

Table 14: Summary with Labor Productivity as performance Indicator (N=26)
Model

Coefficient

p-value

Adjusted R2

Conclusion

.52

-.02*

MODULE is not significantly related to

for
MODULE
LP_Y1-Y0 = f

-69.56

(MODULES)

labor productivity change from base year,
based on the p-value for the coefficient.
Very low adjusted R-squared suggests that
module variable explains almost no
variation in profit margin change.

LP_Y2-Y0 = f

-23.83

.85

-.04*

(MODULES)

MODULE is not significantly related to
labor productivity change from base year,
based on the p-value for the coefficient.
Very low adjusted R-squared suggests that
module variable explains almost no
variation in labor productivity change.

LP _Y3-Y0 =

19.79

.73

-.36*

f (MODULES)

MODULE is not significantly related to
labor productivity change from base year,
based on the p-value for the coefficient.
Very low adjusted R-squared suggests that
module variable explains almost no
variation in labor productivity change.

LP_Y4-Y0 = f
(MODULES)

9.94

.89

-.41*

MODULE is not significantly related to
labor productivity change from base year,
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based on the p-value for the coefficient.
Very low adjusted R-squared suggests that
module variable explains almost no
variation in labor productivity change.
* Note negative values for R2, adjusted for degrees of freedom

The above table suggests that, when labor productivity was used as a performance
indicator, ERP implementation had no effect on labor productivity even after four years
of implementation. Thus, it rejects the first hypothesis. The analysis also informs the first
and third research questions and suggests that i) ERP had no impact on firm
performance and ii) the specific modules implemented did not make a difference to firm
performance either.
Summary of Findings
Three measures of firm performance to include Profit Margin (PM), Labor
Productivity (LP) and Tobin’s Q (T) were used in the analysis. For each measure of
performance, four dependent variable were created using the difference between the ratio
value for each post-implementation year (e.g., R4, R3, R2 and R1) and the preimplementation year (R0). The ratio change (e.g., R1-R0) was regressed against the type
of module, categorized as Primary, Support or All. Such a regression can explain whether
the performance ratio changed as a function of the implemented ERP modules. The data
was summarized below, for convenience in Table 15.
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Table 15: Summary of Findings
Performance measure

Ratio Change

Significance

PM

PM1-PM0

Not significant

PM2-PM0

Not significant

PM3-PM0

Not significant

PM4-PM0

Not significant

LP1-LP0

Not significant

LP2-LP0

Not significant

LP3-LP0

Not significant

LP4-LP0

Not significant

T1-T0

Not significant

T2-T0

Not significant

T3-T0

Not significant

T4-T0

Not significant

LP

T

Results suggested that even four years after the implementation of ERP modules, no
statistically significant differences were observed in the ratio change. Thus, contrary to
some published work on ERP which suggests an improvement in a performance measure
(Hitt & Brynjolfsson, 1996; Kudyba & Diwan, 2002; Kohli & Devaraj, 2004) and similar
to other work which did not find a change in performance measure (Gelderman, 1998; Hu
and Plant, 2001; Kivijarvi and Saarinen, 1995), the analysis here suggests that ERP in the
sample did not improve PM, LP or T.
Results suggested that the first hypothesis, relating ERP implementation, was not
supported as SMEs would not exhibit improved performance as measured by
performance ratio analysis. Limitations in data did not allow testing of the second, third
and fourth hypotheses. Regarding the first hypothesis, performance was operationalized
using three financial ratios as follows: Profit Margins (PM), Labor Productivity (LP) and
Tobin’s Q (T). Analysis suggested that implementation of ERP modules did not have a
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significant effect on any performance measure over a four year period following
implementation. The Table 16 below summarized the analysis.
Table 16: Hypotheses Analysis & Conclusions
Hypothesis

Conclusion

Comment

H1: SMEs that adopt ERP ERP implementation has no The results should be seen as
systems will exhibit improved impact

on

performance tentative

performance as measure by measures (PM, LP and Tobin’s sample
performance

ratio

given
size

the

small

of

24

analysis, Q). Note comment section, for observations.

and productivity regressions.

tentative results

H2a: There is a decline in Not tested

Could not be tested due to

SME performance during ERP

data limitations

adoption,

as

performance

measured
ratios,

by
and

productivity regressions.
H2b: There is a prolonged
decline

SME

performance

short after ERP adoption, as
measure
ratios,

by

performance

and

productivity

regressions.
H3a: There is an increase for Not tested

Could not be tested due to

SME stock market valuation,

data limitations

at the initiation of an ERP
implementation.
H3b: There is an increase for
SME stock market valuation,
at the completion of ERP
implementation.
H4: Benefit realization for Not tested

Could not be tested due to

SMEs as a result of ERP is

data limitations

directly linked to the modules
implemented variable.
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Chapter 5
Conclusions, Limitations, Implications, Recommendations, and Summary
Introduction
This chapter presents the dissertation research in four main sections as follows: a)
results and research questions, b) limitations, c) implications and recommendations:
future research and direction, and d) summary. In this chapter, the research questions and
hypotheses in scope are presented and the conclusions for each are documented. The
results were documented based on the analysis performed for the study. The limitations
of the study are also presented in this chapter, specifically limitations for sample data are
discussed in detailed. Implications and future research, to include lessons learned, and
potential future challenges are also documented in this section. The summary section in
this chapter, reviews the entire dissertation project.

Conclusions: Results and Research Questions
The first question for this study was:
What is the impact of ERP adoption on small and medium enterprises (SMEs)
business value and overall performance?
To answer the first question, regressions were executed to depict the ratio change,
against the Modules implemented. The result revealed no change recorded as a result of
ERP adoption on SMEs, even four years after implementation. Specifically three
measures of performance were selected to include Profit Margin (PM), Labor
Productivity (LP) and Tobin’s Q (T). Next, four dependent variables were derived by
recoding the delta between the ratio coefficient for each post-implementation year (Year
1 to 4), and the year prior-implementation (Year 0). Such ratio change was regressed, as
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indicated above, against the Module implemented. Based on such analysis, results
suggested that ERP adoption did not impact performance, as measured for the PM, LP
and T performance indicators.
The second question for this study was:
What method for estimating benefits ERP should be used?
This dissertation reviewed the various methods for estimating benefits from ERP,
available in the literature. Some were based on sound theories, and some were simply not
theoretically sound. One set was based on the concept of efficient markets theory in
finance, and warranted the use of event studies and related methods, such as the case of
Tobin’s q (T) ratio. Other methods focused around the neoclassical view of the firm in
economics, and abstract the firm as a production function; subsequently, the total factor
productivity (TFT) models were estimated on data. Another set of methods, leveraged
financial ratios, as reported in the annual financial statements as a performance indicator,
to measure the benefit of ERP adoption. A final set of methods used models developed in
strategy literature as the foundation for abstraction of a firm (e.g. Porter’s value chain),
and included a combination of survey data and financial ratios.
For this study a theoretically well-grounded method was selected, as a measure of
benefit estimation as a result of ERP adoption for SMEs. The theory and methods were
discussed in detail in the paper, and utilized the concepts of production function, and
followed closely the method applied by Hitt et al. (2002), but in the context of SMEs that
adopted ERP. Due to data limitations, financial ratios from CRSP data were used in data
analysis. Thus, alternate measures of benefits arising from ERP were not utilized. Thus,
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the second research question was not answered, and it was documented as a limitation for
this study.
The third question for this study was:
What is the impact of module selection during ERP adoption on SMEs performance?
For this study, module type implemented was defined as a categorical variable with
the following codification: - 1 for Primary modules, 0 for Support modules, and 1 for All
modules implemented. Regression analysis was executed to determine the impact of
module type implemented as defined above. For the this exercise, the ratio change ( e.g.
R1-R0) was regressed against the module type, which provided the information to
determine changes in the ratios as it would have been explained by the module type. The
results showed that module selection during ERP adoption did not have an impact on
SMEs performance.
Available data and analysis allowed answering the questions partially. To conclude,
based on financial ratios as performance indicators; it appears that ERP modules did not
have an impact on firm performance even after four years of implementation. This
finding should be considered tentative since available data and sample size did not allow
estimation of alternative models and provided limited covariates.
Limitations
The sample selection for this study included only Small and Medium public
corporations (SMEs) that publicly disclosed ERP adoption. Although, such selection
exercise was random, there could be a limitation factor for biased results, in favor or the
SMEs that disclosed ERP adoption; as it is only a subset of the entire population of SME
that implemented ERP. As a result, this limitation would have an impact for the
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generalizability for the study, since the random sample only included a subset of the
population. Additionally, the data collection approach lack capabilities to capture any
information for ERP customizations, as such data was not available. Also, other variables
that could have an impact or ERP adoption for performance of SMEs were not taken in
consideration, as they were not available using current approach for data collection.
Variables

excluded

for

this

study included

organizational

context,

external

microeconomic factors, other strategic initiatives like M&As and quality initiatives (i.e.
JIT, TQM), knowledge of ERP users, training, IT systems support, quality and size of
ERP implemented, vendor quality support, and organizational change management
variables, and would need to be addressed in future studies. Al-Sehali (2000) identified
other motivations for the implementation of ERP systems to include 1) easier access to
reliable information to enhance decision making, 2) adaptability in a changing
environment, 3) reduction of cycle times, 4) over-all cost reduction, and 5) elimination of
redundant data and operations. Such factors would inform the universe of motivations for
the implementation of ERP systems and categorically were not the focus for this study;
on the other hand, would serve the needs for future research in this space. Chung-Kuang
(2013) highlighted the current trend for corporations to invest in ERP systems, and
integration technologies, specifically Business Intelligence (BI) systems, in order to
enhance their management decision making capability, as a motivation for such
investment in technology. Such benefit, for enhanced decision making, was not the focus
for this study, and would also serve the needs for future research in the area of benefit
realization as a result of ERP implementation.
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Finally, several weaknesses of the sample data, became apparent as part of the
analysis and overall testing exercise for the proposed hypothesis of this study as follows.
1) Sample size was small, and included several independent variables which needed to be
controlled. Such small sample size introduced limitations for a lack of estimating
parameters available for larger samples, to include consistency, unbiasedness and
efficiency. 2) Population in the sample included multiple industries, and presented a
limitation for the introduction of large industry-specific deviations for the dependent
variables and performance indicators. Such limitation translated into lower confidence in
estimated parameters. 3) There was a limitation, for lack of IT usage data; as such data
was not available using the proposed approach for this study, from the CRSP database.
Of the four hypotheses derived from the research questions, the first one was
answered tentatively. The second, third and fourth hypotheses could not be answered
since the data required for doing so rigorously was unavailable or missing. Of the three
research questions posed, the first could be answered somewhat satisfactorily using a
limited data set and a narrow definition of performance measures. The second research
question relies on literature review of underlying theory – however, data analysis
meaningful for examining this question could not be performed. The third question could
not be fully answered, and only partially, using the available data.
Implications and Recommendations: Future Research and Directions
Given the limitations as documented in this section, specifically for sample data,
specific suggestions for collecting refined data were offered. Serious difficulties in data
collection should be kept in mind by future researchers in devising such studies in the
future. Future researcher in this area should keep in mind that access to industry sources
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and databases would provide higher quality data which can then be used to test specific
hypotheses. Based on the theoretical framework proposed for this study, ERP adoption
should have a positive effect for improved performance of SMEs, and specially should
exhibit improved productivity as a result of ERP implementation. Specifically, proposed
hypothesis H2 was intended to measure SME performance during and short-after ERP
adoption, as measured by performance ratios and productivity regressions. Data needed
to test H2, called for time of adoption, and the available data included only the year of
implementation and not utilization dates. On the other hand, data for the time at which
ERP was adopted was available for some firms in the sample and was incomplete. The
proposed hypothesis H3 was intended to measure the stock market valuation, at the
initiation and completion of the ERP adoption. Data needed to test H3 called for the time
at the initiation of the ERP adoption, and the completion time of the implementation and
utilization. Data for initiation and completion times of ERP adoption was available for a
reduced number of SMEs in the sample, and was incomplete. Finally, the proposed
hypotheses H4, was intended to measure the benefits for SMEs as a result of ERP
implementation, as it was linked to the module type adopted. Data needed to test H4,
called for the time at the initiation and completion of the ERP adoption, and the modules
implemented. Data for initiation and completion times, and the modules implemented
was available for a limited number of SMEs in the sample, and was incomplete. Access
to industry sources and databases would inform and help refined the data for similar
studies in the future, as merely relying on the CRSP database would not suffice. One
option would be to network with consulting corporations focused on ERP
implementations and solicit such information, like in the case of Hitt et al., 2002, where
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SAP provided a sample of corporations that implemented their offering, and all related
data for analysis.

Summary
ERPs are software applications that are configurable, and fully integrate
information systems that span most or all of the basic, core business functions, including
transaction processing and management information for those business functions
(Whitten et. al, 2004). ERP systems have a severe effect for organizations, and are
largely implemented to enhance organizational effectiveness (Velcu, 2007; Ahmed and
Al-Serafi, 2011; Hayes et al. 2001; Hitt et al. 2002). The key objective for ERP
investments is to improve control over key organizational and business processes;
however, multiple studies (Brynjolfsson and Hitt, 1996; Poston & Grabski, 2001;
Nicolaou et al. 2004; Hitt et al. 2002; Hunton et al. 2003; Matolcsy et al. 2005; Esteves,
2009; Velcu, 2007; Elragal & Al-Serafi, 2011) revealed contradictory results as to
whether such expected benefits have materialized. This study was the first to quantify
and measure the long term impact of ERP for SMEs that adopted ERP. Applying a sound
theoretical methodology, this study added value to the knowledge base by helping
understand the impact that ERP systems have on SME performance.
The theoretical framework included independent and dependable variables;
dependent variables are affected by two independent variables, which correspond to ERP
adoption, and ERP modules implemented. The research questions for this study were:
1. What is the impact of ERP adoption on small and medium enterprises (SMEs)
business value and overall performance?
2. What method for estimating benefits ERP should be used?
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3. What is the impact of module selection during ERP adoption on SMEs
performance?
The hypotheses, in scope for this study were:
H1: SMEs that adopt ERP systems will exhibit improved performance as measure
by performance ratio analysis, and productivity regressions.
H2a: There is a decline in SME performance during ERP adoption, as measured by
performance ratios, and productivity regressions.
H2b: There is a prolonged decline SME performance short after ERP adoption, as
measure by performance ratios, and productivity regressions.
H3a: There is an increase for SME stock market valuation, at the initiation of an
ERP implementation.
H3b: There is an increase for SME stock market valuation, at the completion of
ERP implementation.
H4: Benefit realization for SMEs as a result of ERP is directly linked to the
modules implemented variable
This dissertation followed the study by Hitt et al. (2002) for methodology, which
executed a similar study in the context of large corporations that implemented SAP ERP.
This study focused on performance impacts from ERP implementation, in the context of
small and medium enterprises, and utilized three key qualifications for the analysis of
impacts as follows: performance ratios, productivity (production function), and stock
market valuation (Tobin’s q). The primary data source, for SMEs that implemented ERP
was the LexisNexis Academic Universe database, and the key qualifications for analysis
were extracted from the COMPUSTAT database. Such data included financial

101

performance ratios, productivity ratios, and stock market valuations ratios, for the year
before ERP implementation, and four years post- implementation, for a total of five years
of applicable data.
ERP adoption was the first independent variable, and represented the separation of
SMEs that implemented ERP, from the ones that did not implemented an ERP. Such
variable, for ERP adoption, utilized a binary scale to characterize enterprises that
implemented ERP (with a variable value of 1), and the ones that did not (with a variable
value of 0). The second independent variable, ERP modules implemented, classified
enterprises based on the type of modules implemented. The ERP modules implemented
variable was defined in three categories as follows 1) implemented primary modules only
which support supply chain activities, and included all modules with the exception of
human resources and financial modules, 2) implemented support modules only, which
included the ones for human resources and financials, and 3) implemented all modules
including primary and support modules.
This study consumed several accounting measures, characterized by ratios based on
input from the financial statement of each of the SMEs in scope, and serve as the first
dependent variable. The second dependent variable focused on productivity, specifically
Labor productivity, and represented how productive employees were in the event of ERP
implementation. The last dependent variable for this study was the Stock market
valuation, and offered an extended over time view of the productivity variable discussed
above. The expectation was to experience significant increases in market valuation as a
result of ERP implementation, and was interpreted as the future gains as a result of ERP
adoption. Such measure of performance took the form of the Tobin’s q ratio, market
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value / book value.

Financial performance indicators were extracted from the

COMPUSTAT databases, one year prior, and four year post ERP adoption, for a total of
five years. The LexisNexis database served as the principal source for sample selection of
U.S based SMEs that adopted ERPs. This study assumed that the effect of ERP adoption,
which included management, organizational change management, process optimization
management, and business process reengineering, would inherently influence all the
dependable variables discussed above. Additionally, variables that could possible had an
impact on SME performance, as a result of ERP adoption, were not taken in
consideration. Variables not included were level of knowledge of the ERP users, training,
IT system support, quality of the ERP offering, vendor quality support, and other
variables linked to organizational change management. Consequently, the study assumed
that such variables not in scope did not impact the measurements for the dependable
variables for the study.
Limitations for the sample data, introduced weaknesses for testing the proposed
hypotheses, and prevented analysis as planned for this dissertation. Such limitations
included the sample size, small with 34 observations and with various independent
variables to be controlled; the estimated parameters did not meet the large sample
properties to include consistency, unbiasedness, and efficiency. Additionally, the sample
included multiple industries and industry-specific variations were introduced, and
translated to lower confidence in estimated parameters. Finally, complementary data on
IT usage was not reported in the CRSP, and not available for the study to serve as proxy
data to estimate IT usage. Given the limitation discussed above, an alternate course of
action for analysis was discussed with the committee and agreed upon as follows. The
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dissertation tested the first hypothesis which related firm performance to adoption of
ERP. A statistical model was use to test for the impact of adoption of ERP on firm
performance as measured by financial ratios after controlling for other variables. At the
end, a consistent procedure was designed for examining several performance indicators
of interest to include the Profit Margin, Labor Productivity, and the Tobin’s Q ratios.
For data analysis, in addition to descriptive statistics, specific performance functions
were selected for analysis. Next, such descriptive statistics were examined to eliminate
potential outliers. Finally, regression analysis was performed looking for changes for
such ratios for each year compared to the base year, with the module type implemented as
a dependent variable.
The results of this study added value from the academic research perspective, as it
was the first to measure the long term impact of ERP for SMEs that adopted ERP.
Applying a sound theoretical methodology, this study added value to the knowledge
based by helping comprehend the impact that ERP systems have on SMEs performance.
When profit margin was used as a performance indicator, ERP implementation had no
effect on profit margins even after four years of implementation. Thus, it rejects the first
hypothesis. The results also informed the first and third research questions and suggested
that i) ERP had no impact on firm performance and ii) the specific modules implemented
did not make a difference to firm performance. When Tobin’s q (T) was used as a
performance indicator, ERP implementation had no effect on T even after four years of
implementation. Thus, it rejected the first hypothesis. The results informed the first and
third research questions and suggested that i) ERP had no impact on firm performance
and ii) the specific modules implemented did not make a difference to firm performance
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either. When labor productivity was used as a performance indicator, ERP
implementation had no effect on labor productivity even after four years of
implementation. Thus, it rejected the first hypothesis. The results informed the first and
third research questions; furthermore, results suggest i) ERP had no impact on firm
performance and ii) the specific modules implemented did not make a difference to firm
performance.
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Appendix A
Appendix A summarizes different studies to measure the impact of ERP systems
reviewed as part of this literature review.

Table 17: Appendix A - Summary of the different approaches to measure the impact of ERP systems
Study Type 1: Strategy theory as basis of firm abstraction, and survey method study
Author (Year)
Velcu (2007)

Theory

Methodology

Findings

Limitations

Velcu utilized implementation

14 semi-structure interviews were

Companies with technologically-

Limitation #1: Results are

strategy theories (Mabert

made

led

“improved

limited by the methodology

et al., 2000; Chand et al., 2005;

companies that use ERP. Velcu

service time in accounting tasks” as

utilized, it does not have a

Botta-Genoulaz

utilized

an

benefit,

sound theoretical foundation;

2006),

and

and

Millet,

classified

implementation

theory

business

the

mid-sized

ERP

Finnish

scorecard

/

incentive

incur

internal

efficiency

ERP

methodology to assess ERP benefits,

“faster response to business change”

hence, it offers a systematic

by

and the overall impact of ERP on

as customer benefits, and financial

analysis of the ERP effects in

organizational performance.

benefits in terms of other improved

organizations, but it limits the

efficiencies.

interpretation of the interview

motivation as follows: technical
and

in

driven

implementations.

Companies

Velcu studied the extent to

incentive

which

firms

scale” as an internal efficiency

Limitation #2: Small number

realized a set of Theoretically

benefit, and financial benefits in

of

expected

terms of “lower headcount costs”

implementations studied only),

and “lower selling, general and

which means that the results are

administrative costs.”

not directly generalizable.

with

ERP

adopting

benefits

associated

implementation

theory

motivation as follows:
1)

“Technically

with
incur

business-led
“economies

of

led

Both groups of companies report

implementations will result in a

Business Process (BP) changes in

better

terms of “reassignment of financial

design

system

that

provides better fit with the

management of

organizational process”.

business cases.”

2)

“Business

led

data.

ERP

samples

(14
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implementations will be more
focused

and

lead

to

better

financial performance in short
time”.

Esteves (2009)

Esteves utilized the ERP benefits

This study utilized direct interviews

Findings exhibit that ERP benefits

Limitation #1: Results are

by Shang and Seddon (2000) as

approach/methodology to collect data

dimensions are interconnected, and

limited by the methodology

the theoretical foundation for

from a random sample of 28 MBA

firms should perceived ERP benefit

utilized, it does not have a

this study, and utilized the

students and 87 business managers

realization as a continuum cycle

sound theoretical foundation;

“second

(CIO/IT directors and CFO roles).

along the ERP post-implementation.

hence, it offers a systematic

wave”

concept

by

Deloitee (1999) to determine at

analysis of the ERP effects in

what point in time the various

organizations, but it limits the

benefits

interpretation of the interview

are

expected

to

materialize. Shang and Seddon

data.

classified ERP benefits into five
dimensions

as

follows:

(1)

Limitation #2: Fails to

operational, (2) managerial, (3)

distinguish variables that may

strategic, (4) IT infrastructure,

persuade the realization of

and (5) organizational.

benefits, such as company size,
ERP system implemented /
modules implemented, and
organizational context.

Ahmed and Al-

Ahmed and Al-Serafi conducted

Elragal and Al-Serafi conducted a

The findings exhibit a general trend

Limitation #1: Results are
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Serafi (2011)

study

to

the

qualitative study, and delivered a

for achieved business performance

limited by the methodology

relationship between ERP and

questionnaire as part of a case study

benefits as a result of ERP adoption,

utilized, it does not have a

business

and

to collect data from an Egyptian

but also revealed a few benefits that

sound theoretical foundation;

assumed a conceptual theoretical

SME branch of a multinational

were linked to ERP were not

hence, it offers a systematic

framework based on the IT

company.

achieved.

analysis of the ERP effects in

Productivity
Elragal

understand

performance,

Paradox
and

theory.

organizations, but it limits the

Al-Serafi

interpretation

highlighted productivity as one

of

the

questionnaire data.

of the most important business
performance gain indicators, and
addressed
productivity

the

increased
by

in
ERP

implementing software.

Elragal and Al-

The conceptual theoretical

A single case study (ChemCo Egypt)

Findings

exhibit

Serafi (2011)

framework is based on the IT

was chosen. Qualitative methods

benefits

Productivity Paradox theory.

(examination and contrast) were used

implementation exercise.

selected methodology, as it

Elragal and Al-Serafi

to analyze questionnaire responses of

On the other hand, a few confirmed

does

highlighted productivity as one

the financial, operations and logistics

benefits by other researchers were

theoretical foundation.

of the most important business

managers.

not exhibit during this study, and

after

many realized
the

ERP

Limitation#1:

The primary

limitation revolves around the

not

have

a

sound

performance gain indicators, and

should be further investigated.

addressed the increased in

The

productivity by implementing

research to investigate the factors

implemented,

software ( ERP) utilizing the

that impact the relationship between

addressed ERP. Limitation as

author

suggested

Limitation #2: Did not take
future

into

account

modules
and

only
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productivity paradox theory

ERP and business performance. The

ERP may only provide IT

described as follows:

author claims that this exercise

infrastructure,

“phenomenon of vanishing

would help for a clear vision and

benefits.

returns on IT investments”.

roadmap of the benefits of ERP.

and

not

real

Study Type 2: Perfect Market Economic Theory and Event Study Methodology Study
Author (Year)
Hayes et al. 2001

Theory

Methodology

Findings

Limitations

Hayes et al. studied the extent

Utilized the reaction of the

Findings exhibit an overall

Limitation #1: Results are

to which ERP adopting firms

financial

markets

positive reaction to initial ERP

limited by the methodology

realized a set of Theoretically

methodology;

specifically,

announcements. Furthermore,

utilized. The study examines

expected market reactions as

stock

findings

short term impact on share

follows: “the announcement of

indicators and ratios to assess

reaction is mainly positive for

price,

an ERP implementation will

the

small/ healthy firms. Finally,

“event-study”

be

implementation.

market response to big ERP

which is affected

vendors

estimation period and event

significantly

associated

market

impact

valuation

of

ERP

with the firm’s market return”.

imply

(e.g.

PeopleSoft)

is

that

SAP

the

and

considerably

as it employed

an

methodology,
by the

window selected.

more positive than smaller
ERP offerings.

Study Type 3: Production Function, TFP, Tobin’s q, and Financial Accounting Models
Author (Year)
Hitt et al. 2002

Theory

Methodology

Findings

Hitt et al. studied the extent to

Utilized

three

basic

which ERP adopting firms

specifications for the analysis

Limitations

Findings exhibit that ERP

Limitation #1: Sample size

adopters

only

are

higher

in

included

firms

that
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realized a set of Theoretically

of the performance impact of

performance

expected benefits as follows:

ERP adoption:

measures when compare to

offering, but not other ERP

1) “Firm that adopts ERP

1) Accounting

non-adopters.

vendors.

performance

for

the

SAP

ERP

ratios methodology (data

Results

performance as measured by

available

benefits are realized during

Limitation #2: Lack of long

performance

COMPUSTAT database).

implementation

phase,

term longitudinal study (3

some

years only), due to lack of

ratio

analysis,

productivity and stock market

2) Productivity

(production

although

that

adopted

systems will show greater

from

show

most

there

most

is

valuation”.

functions) methodology ,

indication of a decrease in

long-term post implementation

2a) “There is a continue drop

and

business

data at the time of this study

in performance during ERP
implementation as measured

3) Stock market valuation
methodology (Tobin’s q).

performance

productivity

soon

and
after

(author

suggested

completing the implementation

research to

using performance ratios and

exercise.

limitation)

productivity regressions”.

On

2b) “There is a continued drop

financial

in performance shortly after

rewards the

ERP

as

higher market appraisal both

measured using performance

during and after the ERP

ratios

implementation excise.

implementation

and

productivity

regression.
3a) “There is an increase in
stock market valuation at the
initiation

of

an

ERP

implementation”.
3b) “There is an increase in

the

other

hand,

market

the

always

adopters

with

future

mitigate

this
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stock market valuation of a
firm at the completion of ERP
implementation”.
4a) “The benefits of ERP are
increasing in the degree of
implementation (level)”.
4b)

“At

some

level

of

implementation the benefits of
increased module integration
may decline (as coordination
costs or other diseconomies set
it)”.

Study Type 4: Economic Theories and Financial Accounting Models
Author (Year)

Theory

Methodology

Findings

Nicolaou et al.

Nicolaou studied the extent to

Utilized traditional accounting and

The findings illustrate that firm

Limitation

2004

which

firms

financial rations / metrics (including

adopting

included

realized a set of Theoretically

ROA, ROI, inventory turnover and

differential performance only after

voluntarily

expected benefits as follows:

others) to examine the effect of

two years of continued use. The

implementation

1) Differential Performance in

adoption of ERP on a firm’s long-

findings

announcements; as a result,

ERP

term financial performance.

insights that complement existing

sample

differential performance after the

research findings, and also raise

(Nicolaou suggested future

adoption and use of an ERP

future research ideas.

studies

ERP

adopting

Systems:

system

will

higher

than

be
its

“A

firm

significantly
differential

ERP

Limitations

display

provided

higher

significant

measures

#1:
only

Sample
firms

that

disclosed

may

to

be

ERP

biased.

validate

utilized

in

the
his

research and to replicate the
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performance

prior

to

the

results).

adoption of the ERP System”.

Limitation#2

2) Implementation Management

limitation

and Effect on Relative Financial

performance/ financial ratios is

Performance:

a)

“A

firm’s

of

have

the

foundation;

post-implementation

a

should

performance

correlations

to

ERP

methodology

sound

period, relative to its differential
prior

primary

that such methodology does not

differential performance during
ERP

The

theoretical
consequently,

be

interpreted
rather

adoption, will be significantly

estimates

affected by the choice of the

model ( Hitt et al. 2002)

ERP vendor”.
b)

“A

firm’s

differential

performance during the ERP
post-

implementation

relative

to

performance

its

period,

differential

prior

to

ERP

adoption, will be significantly
affected by the scope of the ERP
implementation effort.”
c)

“A

firm’s

differential

performance during the ERP
post-implementation
relative

to

its

period,
differential

of

an

as
than

economic
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performance

prior

to

ERP

adoption, will be significantly
affected

by

the

ERP.

Implementation goals”.

Poston &

Poston and Grabski studied the

Utilized traditional accounting and

The findings revealed mixed results,

Limitation #1: Lack of long

Grabski, 2001

extent to which ERP adopting

financial

on a number of financial

term longitudinal study. Short

firms

of

(including ROA, ROI, inventory

performance measures.

term (3 years only) is deficient

Theoretically expected benefits

turnover and others) to examine the

Fundamentally, ERP adopting firms

to capture the effects of ERP on

on firm performance over time,

effect of adoption of ERP on a firm’s

did not exhibit better performance

firms performance.

as follows:

financial performance.

than non-adopting firms on a

Limitation #2: Did not take

1 ) SG&A / Revenue (POST) <

number of indicators. On the other

into account when “bolt-on”/

SG&A / Revenue (PRE)

hand, for other performance

modules

Where SG&A refers to selling,

measures, non-adopting firms

and

general and administrative cost,

improved their performance when

Limitation as ERP may only

and PRE and POST refer to cost

compare to ERP adopting firms.

provide IT infrastructure, and

before

realized

and

a

after

set

ERP

rations

methodology

were

only

implemented,

addressed

ERP.

not real benefits.

implementation.

Limitation #3: Did not take

2 ) COGS / Revenue (POST) <

into

COGS / Revenue ( PRE)

Reengineering activities that

Where COGS refers to cost of

may

goods sold, and PRE and POST

simultaneously.

refer to costs before and after

Limitation#4:

ERP implementation.

control

account

be

Process

taken

place

Unable

additional

to

initiatives
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3 ) RI (POST) > RI (PRE)

(i.e. JIT, TQM, etc.).

Where RI refers to residual

Limitation#5: Microeconomic

income, and PRE and POST

influences were not controlled

refer to costs before and after

in this study.

ERP.

Limitation #6: The primary

4) #of Employees / Revenue

limitation

(POST) < #of Employees /

performance/ financial ratios is

Revenue (PRE)

that such approach does not

Where PRE and POST refer to

have

costs before and after ERP.

foundation;

of

a

should

sound

theoretical
consequently,

be

interpreted

correlations
estimates

methodology

rather
of

an

as
than

economic

model ( Hitt et al. 2002).
Hunton et al.

Hunton et al. studied the extent

Utilized traditional accounting and

Findings exhibit that non-adopters

Limitation #1: Lack of long

2003

to which ERP adopting/non-

financial

performed

adopters

term longitudinal study. Short

adopting firms realized a set of

(including ROA, ROI, Asset Turn

during

post-

term (3 years only) is deficient

Theoretically expected benefits

Over (AOT), inventory turnover and

implementation period. Specifically,

to capture the effects of ERP on

on firm performance over time,

others) to examine the effect of

ROA,

firm’s performance.

as follows:

adoption of ERP on a firm’s financial

considerably higher over 3-years for

Limitation #2: The primary

performance.

adopters. Additionally, the findings

limitation

performance of firms that have

exhibit that financial health of a

performance/ financial ratios is

not adopted ERP systems will be

firm prior to ERP implementation,

that such approach does not

significantly lower than ERP

and its flexibility in terms of asset

have

1)

“Longitudinal

financial

rations

methodology

worst
the

ROI

than
system

and

ATO

were

a

of

sound

methodology

theoretical
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adopting firms”.

size

2a) “For relatively large ERP

marginally impact the capability to

should

adopting firms, there will be a

realize economic returns.

correlations

were

also

reported

to

foundation;

consequently,

be

interpreted
rather

significant negative association

estimates

between

model ( Hitt et al. 2002)

firm

health

and

of

an

as
than

economic

performance”.
2b) “For relatively small- ERP
adopting ERP firms, there will
be

a

significant

association

positive

between

financial

health and performance”.

Matolcsy et al.

The

conceptual

2005

framework

Matolcsy identified various value

Findings

ERP

Limitation #1: Lack of long

a

chain ratios (financial ratios) to

implementation leads to sustain

term longitudinal study. Short

modified value chain model.

reflect improvements and benefits as

operational

and

term (2 years only) is deficient

Within each element of the value

a result of ERP implementation.

improved

liquidity.

to capture the effects of ERP on

is

theoretical

based

on

reveal

that

efficiencies
overall

chain, Matolcsy et al. identified

Additionally,

findings

how ERP system theoretically

increased profitability 2 years after

could add value as follows:

ERP

1) ERP are expected to add

improvements

value right across all elements of

receivable management.

implementation,
in

exhibit

and
accounts

firm’s performance.

Limitation #2: Sample size
only

included

firms

that

adopted SAP (Australia and

value chain.

New Zealand) ERP offering,

2) ERP are expected to minimize

but not other ERP vendors.

raw material (and services) price
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and consumption.
3) ERP adopters are expected to
reduce accounts payables and
account payable days (APD).
4) ERP adopters are expected to
yield higher FAT ratios than
non-adopters.
5) ERP adopters would exhibit
improvements for profitability
and liquidity measured by net
profit margin (NPM).

Appendix B
Preliminary sample data, including characteristics are available as part of Appendix
B.

Table 18: Preliminary Sample Data
Company Name

Data Source

ERP Implemented

Year Implemented

ERP Module(s)

Industry

Implemented
American Crystal

Oracle Source,

ERP Adoption = 1

Sugar Company

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 2

Consumer Goods

EnterpriseOne

Human Capital
Management

Mobilitie LLC

Oracle Source,

ERP Adoption = 1

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 2

Consumer Goods

EnterpriseOne

Financials
Management
Human Capital
Management

Spyder Active

Oracle Source,

ERP Adoption = 1

Sports, Inc.

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 3

Consumer Products

EnterpriseOne

Financial
Management
Manufacturing
Supply Chain
Management
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DRI Companies

Oracle Source,

ERP Adoption = 1

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 3

Engineering &

EnterpriseOne

Financial

Construction

Management
Project Costing
Human Capital
Management
Payroll
Procurement and
Subcontract
Management
Inventory
Management

Fairfield Residential

Oracle Source,

ERP Adoption = 1

LLC

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 2

Engineering &

EnterpriseOne

Human Capital

Construction

Management

Hunt Building

Oracle Source,

ERP Adoption = 1

Corporation

information for

JD Edwards World

2008

ERP Modules

Industry:

Implemented = 3

Engineering &
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Success

JD Edwards World

Construction

Financial
Management
JD Edwards World
Human Capital
Management
JD Edwards World
Supply Chain
Planning

Continental

Oracle Source,

ERP Adoption = 1

Materials

information for

Corporation

Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 3

Industrial

EnterpriseOne

FMS Suite

Manufacturing

SCM Suite
HCM Suite

D-M-E Company

Oracle Source,

ERP Adoption = 1

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 3

Industrial

EnterpriseOne

Financial

Manufacturing

Management
Supply Management
Procurement and
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Subcontract
Management
Manufacturing

Ferraz Shawmut,

Oracle Source,

ERP Adoption = 1

Inc.

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 3

Industrial

EnterpriseOne

Financial

Manufacturing

Management
Sales Order
Management
Advanced Pricing
Manufacturing
Distribution
Inventory
Management

Morbark, Inc.

Oracle Source,

ERP Adoption = 1

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 3

Industrial

EnterpriseOne

Manufacturing

Manufacturing

Financial
Management
Distribution
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Symmons Industries,

Oracle Source,

ERP Adoption = 1

Inc.

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 1

Industrial

EnterpriseOne

Manufacturing and

Manufacturing

Supply
Chain Planning
Demand Planning
Demand Consensus
Demand Flow
Manufacturing

Sunrise Medical,

Oracle Source,

ERP Adoption = 1

Inc.

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 2

Life Sciences

EnterpriseOne

Sales Order
Management

TETRA

Oracle Source,

ERP Adoption = 1

Technologies, Inc.

information for
Success

2008

ERP Modules

Industry:

JD Edwards

Implemented = 3

Oil & Gas

EnterpriseOne

JD Edwards
EnterpriseOne

SARES-REGIS

Oracle Source,

ERP Adoption = 1

Group

information for

JD Edwards

2008

ERP Modules

Industry:

Implemented = 1

Professional
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Success

EnterpriseOne

Payroll

Services

Employee Self
Service
Benefits
Administration
Manager Self Service
Fixed Asset
Accounting
Real Estate
Management
Project Management

LaSalle Bristol

Oracle Source,

ERP Adoption = 1

Corporation

information for

JD Edwards World

Success

2008

ERP Modules

Industry:

Implemented = 3

Retail

JD Edwards World
Distribution
Management
Financial
Management
Manufacturing
Management
Foundation
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Service & Warranty
Management

LodgeNet

Oracle Source,

ERP Adoption = 1

Entertainment

information for

Corporation

Success

??

ERP Modules

Industry:

Oracle E-Business

Implemented = 3

Communications

Suite

Oracle E-Business
Suite

NexisLexis Database
Ballantyne of

NexisLexis

ERP Adoption = 1

Omaha, Inc. (11)

Database

Epicor Vantage

2000

ERP Modules

Industry:

Implemented = 1

SIC:

Manufacturing

3861

solution
Industry:
Entertainment
Equipment

Nordstrom, Inc (10)

NexisLexis

ERP Adoption = 1

Database

2000

ERP Modules

Industry:

Intentia International

Implemented = 3

SIC: 5651

- Movex Fashion

Supply chain
planning & execution
enterprise resource

Industry:

planning (ERP)

Fashion Specialty
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customer relationship

Retailers

management (CRM)

Avon (9)

NexisLexis

ERP Adoption = 1

Database

Oracle

1999

ERP Modules

Industry:

Implemented = 3

SIC: 2844

Oracle Financials
Oracle Customer

Industry:

Relationship

distributor of brick

Management

and building
supplies

Jo-Ann Stores' (8)

NexisLexis

ERP Adoption = 1

Database

SAP

1999

ERP Modules

Industry:

Implemented = 3

SIC: 5940

Human resources

Hei Inc. (7)

NexisLexis

ERP Adoption = 1

Database

SAP

2000

Merchandising

Industry:

functions

retailing

ERP Modules

Industry:

Implemented = 3

SIC: 3674

SAP enterprise
resource planning

Industry:

system

global supplier of
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ultra-miniature
microelectronic
products for
hearing,
communications,
medical and
industrial
applications
W.R. Grace (6)

NexisLexis

ERP Adoption = 1

Database

SAP

1999

ERP Modules

Industry:

Implemented = 3

SIC: 2810

SAP R/3

Yankee Candle (5)

NexisLexis

ERP Adoption = 1

Database

Lawson Software

2000

ERP Modules

SIC: 3990

Implemented = 2
Financials Suite
Human resources
Suite
Analytics solution
Suite

Allegheny Energy,

NexisLexis

ERP Adoption = 1

INC (4)

Database

White Amber

2001

ERP Modules

Industry:

Implemented = 2

SIC: 4911
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Humana Capital
Management

Redback Networks

NexisLexis

ERP Adoption = 1

Inc ( 3)

Database

Oracle

Applied Digital

NexisLexis

ERP Adoption = 1

Solutions Inc. (2)

Database

Oracle

2000

2000

ERP Modules

Industry:

Implemented = 3

SIC:

Oracle ERP

7373

ERP Modules

Industry:

Implemented = 3

SIC:
5045

Oracle E-Business
Suite
Newfield

NexisLexis

ERP Adoption = 1

Exploration (1)

Database

Oracle

Ametek, Inc (12)

NexisLexis

ERP Adoption = 1

Database

Oracle

Kellogg Company

NexisLexis

ERP Adoption = 1

(13)

Database

SAP

2000

2000

2001

ERP Modules

Industry:

Implemented = 2

SIC:

Oracle Financials

1311

ERP Modules

Industry:

Implemented = 1

SIC:

Oracle Procurement

3621

ERP Modules

Industry:

Implemented = 1

SIC:
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Supply Chain

2040

Management
Business Intelligence
Procurement
Customer
Relationship
Management

Grant Prideco, Inc (

NexisLexis

ERP Adoption = 3

14)

Database

Intentia's Movex

2001

Customer

Industry:

relationship

SIC:

management (CRM)

7948

Enterprise Resource
Planning (ERP)
Supply Chain
Management (SCM)

Partner Relationship
Management (PRM)
Business
Performance
Measurement (BPM)
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e-business
Iron Mountain Inc

NexisLexis

ERP Adoption = 2

(15)

Database

Oracle

Oneok Inc. (16)

Hertz Inc. (17)

NexisLexis

ERP Adoption = 2

Database

Oracle

NexisLexis

ERP Adoption = 2

Database

Oracle

2000

2000

2000

Oracle(R) Human

Industry:

Resource

SIC:

Management

4220

Oracle(R) Human

Industry:

Resource

SIC:

Management

4923

Oracle(R) Human

Industry:

Resource

SIC: 7510

Management

Mercury Computer

NexisLexis

ERP Adoption = 2

System Inc. (18)

Database

Oracle

2000

Oracle(R) Human

Industry:

Resource

SIC: 7373

Management

Xilinx Inc. (19)

NexisLexis

ERP Adoption = 2

Database

Oracle

2000

Oracle(R) Human

Industry:

Resource

SIC: 3674

Management
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DSL.net Inc (20)

NexisLexis

ERP Adoption = 3

Database

Oracle

2000

Oracle e-business

Industry:
SIC:
7370

Investors Financial

NexisLexis

ERP Adoption = 3

Services Inc. (21)

Database

Oracle

2000

Oracle e-business

Industry:
SIC:
6022

Hall Kinion (22)

NexisLexis

ERP Adoption = 3

Database

PeopleSoft ERP

1999

Human resources

Industry:

Payroll, benefits and

SIC:

Administration

7363

Projects
Billing
Interunit Accounting
General ledger
Accounts Payable
Accounts
Receivable.

PerkinElmer Corp

NexisLexis

ERP Adoption = 3

(23)

Database

SAP R/3 ERP

1999

R/3 ERP

Industry:
SIC:
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8711

Public Services

NexisLexis

ERP Adoption = 3

Enterprise Group –

Database

SAP AG

1999

(PSEG) (24)

Materials

Industry:

Management

SIC:

Finance

4931

HR

Tesoro Corporation

NexisLexis

ERP Adoption = 2

(25)

Database

SAP

1999

HR

Industry:
SIC:
2911

Foxboro Corp (26)

NexisLexis

ERP Adoption = 2

Database

SAP

1999

HR

Industry:
SIC:
7812

GenRad, Inc. (27)

NexisLexis

ERP Adoption = 2

Database

SAP

1999

HR

Industry:
SIC: 4911
Energy

Graham Packaging

NexisLexis

ERP Adoption = 2

Company (28)

Database

SAP

1999

HR

Industry:
SIC:

132

3089

Justin Industries (29)

NexisLexis

ERP Adoption = 2

Database

SAP

1999

HR

Industry:
SIC:
3250

DADE BEHRING

NexisLexis

ERP Adoption = 2

HOLDINGS INC

Database

SAP

1998

HR

Industry:
SIC: 3821

(30)
Chemical
(Deerfield, IL)
HCI Americas, Inc

NexisLexis

ERP Adoption = 2

(31)

Database

SAP

1998

HR

Industry:
SIC:
7370

Starbucks Coffee

NexisLexis

ERP Adoption = 2

Company (32)

Database

SAP

The Reynolds &

NexisLexis

ERP Adoption = 2

Reynolds Company

Database

SAP

NexisLexis

ERP Adoption = 2

1998

HR

Industry:
SIC: 2090

1998

HR

Industry:
SIC: 2761

(33)

THOMAS &

1998

HR

Industry:
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BETTS CORP (34)

Database

SAP

**ERP Implemented
1 = Supply Chain (all but not finance + HR)
2 = Finance + HR
3 = ALL

SIC: 3678

Appendix C
Testing the Assumptions of Multivariate Analysis
A critical step for this process of examining the data revolves around testing for the
assumptions of multivariate analysis. Such assumptions serve as the foundation, for this
exercise of multivariate statistical analysis. Testing the collected data for compliance with
such statistical assumptions deals with the selection of techniques that are more
appropriate to make statistical extrapolations, as part of the testing for compliance
exercise. In the case of this study, for multivariate analysis, the need to test the statistical
assumptions increases, given the complexity of the relationships, and the potential
distortion and biased if the assumptions are violated. Furthermore, given the complexity
for multivariate analysis, the results may mask violations for the critical assumption,
which would be apparent in the case of univariate analysis. In any case, multivariate
techniques for analysis, will deliver estimations and results even if the basic assumptions
are violated; hence, the researcher must be alert of such violations, the implications for
the estimation process and results interpretation.
The most important assumption, for multivariate analysis, is normality, and reflects
to the shape of the data distribution for an individual metric variable, and its correlation
to the normal distribution. If the deviation from the normal distribution is significantly
large, all results statistically speaking are not valid. The impact of and rigorousness of
non-normality takes into consideration two aspects for assessment as follows: the shape
of the distribution, and the sample size. The shape of the distribution is described by two
measures, kurtosis and skewness. Kurtosis relates to the peakdness or flatness of the
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distribution compared with the normal distribution. On the other hand, skewness depicts
the balance of the distribution.
The skewness and kurtosis are measures of normality, and in this representation, in
Table 6, skewness is used to analyze asymmetry and deviation from a normal
distribution. Skewness > 0, represent a right skewed distribution, and most values are
concentrated on left of the mean, with extreme values to the right. For skewness < 0, left
skewed distribution, most values are concentrated on the left of the mean, with extreme
values to the right. Finally, for skewness = 0, the distribution is symmetrically around the
mean. For the most part, as depicted in Table 6, variables show as right skewed
distribution, and the ones with higher values may require transformation of data during
analysis. On the other hand, kurtosis is represented in Table 6 as an indicator of flattening
or peakedness of the distribution. Kurtosis > 3, are known as leptokurtic distributions and
are typically sharper than a normal distribution, with values concentrated around the
mean and have thicker tails; implications include high probability for extreme values.
Kurtosis < 3, are known as platykurtic distributions and are typically flatter than a normal
distribution, with a wider peak. Implications include lower probability for extreme values
when compare to the normal distribution, and the values are wider spread around the
mean. Kurtosis = 3, are known as mesokurtic distributions, and represent a normal
distribution.
For research projects that incorporate multiple variables, in addition to
understanding basic descriptive statistics beyond the mean, variance, skewness, and
kurtosis, researchers often like to know how variables are related to one another. To this
effect, this section presents the nature, direction, and significance of the bivariate
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relationships for the variables in scope for this study, to include Return on Asset (ROA),
Return on Equity (ROE), for Profit Margin (PM), Labor Productivity (LP), Asset
Turnover (AT), Inventory Turnover (IT), Account Receivable Turnover (ART), Debt to
Equity (DE), and Tobin’s q (T). Such correlation would be derived by assessing the
variations in one variable, as another variable also varies. A matrix is presented for each
of the variables, including an interpretation for years zero (0) to year four (4)
respectively. Theoretically, there could be a perfect positive correlation between two
variables, which is represented by 1.0 (plus 1), or a perfect negative correlation which
would be -1.0 (minus 1). Nevertheless, neither of these will be apparent in real scenarios
while assessing correlations between two variables expected to be different from each
other. While the correlation could vary between -1.0 and +1.0, this section explains if the
correlations in scope are significant or not; in other words, if the correlations have taken
place by chance or if there is a high probability of its real existence. This study follows
the generally accepted convention for a significance of p = 0.5, which implies that 95
times of 100 there exists a real or significant correlation between two variables, and there
is only a 5% chance that such relation does not really exists. A bivariate correlation
analysis, indicates the strength of such relationship (r), between the two variables in
question, and can be generated using tools such as SPSS for variables measured on an
interval or ratio scale, which is the case for this study. Bivariate correlations metrics, for
each variable in scope is provided below, in Table 19, separately for Year 0, 1, 2, 3 and 4.
Additionally an interpretation for each correlation matrix is provided below.
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Table 19a: Bivariate - Pearson Correlations for Return on Asset (ROA) Year 0-4
Variables

ROA_Year_0

ROA_Year_1

ROA_Year_2

ROA_Year_3

ROA_Year_0

1

ROA_Year_1

.115

1

ROA_Year_2

.137

.704**

1

ROA_Year_3

.127

.694**

.807**

1

ROA_Year_4

.137

.374*

.627**

.746**

ROA_Year_4

1

*. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 19a, represents the bivariate correlation for the Return on Asset variable,
from year zero (0) to year Four (4) respectably. All correlation coefficients, which
measure the strength Of the relationship ( r ), with a significance of p<.01, and p < .05,
show a positive relationship as indicated in this table, and the probability of this not being
true is less than 1% or 5% respectively. Consequently, the expectation is that over 95% of
the time this correlation would exist.
Table 19b: Bivariate - Pearson Correlations for Return on Equity (ROE) Year 0-4
Variables

ROE_Year_0

ROE_Year_1

ROE_Year_2

ROE_Year_3

ROE_Year_0

1

ROE_Year_1

.079

1

ROE_Year_2

.088

.435*

1

ROE_Year_3

.095

.381*

.914**

1

ROE_Year_4

.097

.228

.749**

.841**

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

ROE_Year_4

1
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Table 19b, represents the bivariate correlation for the Return on Equity variable,
from year Zero (0) to year Four (4) respectably. All correlation coefficients ( r ), with a
significance of p<.01, and p < .05, show a positive relationship as indicated in this table,
and the probability of this not being true is less than 1% or 5%. Consequently, the
expectation is that over 95% of the time, this correlation would exist.
Table 19c: Bivariate - Pearson Correlations for Profit Margin (PM) Year 0-4
Variables

PM_Year_0

PM_Year_1

PM_Year_2

PM_Year_3

PM_Year_0

1

PM_Year_1

.651**

1

PM_Year_2

.530**

.312

1

PM_Year_3

.530**

.306

.996**

1

PM_Year_4

.530**

.306

.996**

1.000**

PM_Year_4

1

**. Correlation is significant at the 0.01 level (2-tailed).

Table 19c, represents the bivariate correlation for the Profit Margin variable, from
year Zero (0) to year Four (4) respectably. All correlation coefficients (r), with a
significance of p<.01, show a positive relationship as indicated in this table, and the
probability of this not being true is less than 1%. Consequently, the expectation is that
over 99% of the time, this correlation would exist.
Table 19d: Bivariate - Pearson Correlations for Labor Productivity (LP) Year 0-4
Variables

LP_Year_0

LP_Year_1

LP_Year_2

LP_Year_3

LP_Year_0

1

LP_Year_1

.855**

1

LP_Year_2

.659**

.759**

1

LP_Year_3

.389*

.421*

.824**

1

LP_Year_4

.830**

.701**

.838**

.674**

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

LP_Year_4

1
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Table 19d, represents the bivariate correlation for the Labor Productivity variable,
from year Zero (0) to year Four (4) respectably. All correlation coefficients ( r ), with a
significance of p<.01 and p < .05, show a positive relationship as indicated in this table,
and the probability of this not being true is less than 1% - 5%. Consequently, the
expectation is that over 95% of the time, this correlation would exist.
Table 19e: Bivariate - Pearson Correlations for Asset Turnover (AT) Year 0-4
Variables

AT_Year_0

AT_Year_1

AT_Year_2

AT_Year_3

AT_Year_0

1

AT_Year_1

.048

1

AT_Year_2

.066

.748**

1

AT_Year_3

.055

.530**

.880**

1

AT_Year_4

.055

.530**

.880**

1.000**

AT_Year_4

1

**. Correlation is significant at the 0.01 level (2-tailed).

Table 19e, represents the bivariate correlation for the Asset Turnover variable, from
year Zero (0) to year Four (4) respectably. All correlation coefficients ( r ), with a
significance of p<.01, show a positive relationship as indicated in this table, and the
probability of this not being true is less than 1%. Consequently, the expectation is that
over 99% of the time, this correlation would exist.
Table 19f: Bivariate - Pearson Correlations for Inventory Turnover (IT) Year 0-4
Variables

IT_Year_0

IT_Year_1

IT_Year_2

IT_Year_3

IT_Year_0

1

IT_Year_1

.140

1

IT_Year_2

.147

.572**

1

IT_Year_3

.133

.765**

.781**

1

IT_Year_4

.112

.453**

.785**

.751**

**. Correlation is significant at the 0.01 level (2-tailed).

IT_Year_4

1
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Table 19f, represents the bivariate correlation for the Inventory Turnover variable,
from year Zero (0) to year Four (4) respectably. All correlation coefficients ( r ), with a
significance of p<.01, show a positive relationship as indicated in this table, and the
probability of this not being true is less than 1%. Consequently, the expectation is that
over 99% of the time, this correlation would exist.
Table 19g: Bivariate- Pearson Correlations for ART Year 0-4
Variables

ART_Year_0

ART_Year_1

ART_Year_2

ART_Year_3

ART_Year_0

.a

ART _Year_1

.a

1

ART _Year_2

.a

.770**

1

ART _Year_3

.a

.611**

.902**

1

ART _Year_4

.a

.611**

.902**

.999**

ART_Year_4

1

**. Correlation is significant at the 0.01 level (2-tailed).
a. Cannot be computed because at least one of the variables is constant.

Table 19g, represents the bivariate correlation for the Account Receivable Turnover
variable, from year Zero (0) to year Four (4) respectably. All correlation coefficients ( r ),
with a significance of p<.01, show a positive relationship as indicated in this table, and
the probability of this not being true is less than 1%. Consequently, the expectation is that
over 99% of the time, this correlation would exist.
Table 19h: Bivariate - Pearson Correlations for Debt to Equity (DE) Year 0-4
Variables

DE_Year_0

DE_Year_1

DE_Year_2

DE_Year_3

DE_Year_0

1

DE _Year_1

.944**

1

DE _Year_2

.815**

.863**

1

DE _Year_3

.752**

.794**

.927**

1

DE _Year_4

.673**

.726**

.877**

.859**

**. Correlation is significant at the 0.01 level (2-tailed).

DE_Year_4

1
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Table 19h, represents the bivariate correlation for the Asset Turnover variable, from
year Zero (0) to year Four (4) respectably. All correlation coefficients ( r ), with a
significance of p<.01, show a positive relationship as indicated in this table, and the
probability of this not being true is less than 1%. Consequently, the expectation is that
over 99% of the time, this correlation would exist.
Table 19i: Bivariate - Pearson Correlations for Tobin’s q (T) Year 0-4
Variables
T_Year_0

T_Year_1

T_Year_2

T_Year_3

T_Year_0

1

T _Year_1

.721**

1

T _Year_2

.454**

.694**

1

T _Year_3

.482**

.705**

.986**

1

T _Year_4

.398*

.592**

.720**

.819**

T_Year_4

1

**. Correlation is significant at the 0.01 level (2-tailed).

Table 19i, represents the bivariate correlation for the Tobin’s q variable, from year
Zero (0) to year Four (4) respectably. All correlation coefficients ( r ), with a significance
of p<.01, show a positive relationship as indicated in this table, and the probability of this
not being true is less than 1%. Consequently, the expectation is that over 99% of the time,
this correlation would exist.
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